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ABSTRACT 
This study utilized Geographic Information Systems to create predictive 
models for archaeological sites in northwestern and central Iowa. The modeling 
focused on the group known as the Great Oasis culture that lived in Iowa between 
950 and 1100 AD. A total of 139 Great Oasis sites are currently identified. Iowa has 
approximately 65 archaeological sites identified with a Great Oasis component that 
are concentrated in three major clusters near Sioux City, along the Des Moines 
River and along the Raccoon Rivers. One hundred and thirty non-sites were 
randomly selected for comparision with the known sites. The Great Oasis sites were 
modeled using a Geographic Information Systems database to create descriptive 
and predictive models of the environmental factors that may have influenced 
prehistoric site locations. The purpose of this study was to improve the 
understanding of Great Oasis sites in Iowa and determine the predictive power of 
archaeological modeling. Environmental variables were chosen based upon current 
literature about the Great Oasis and on Chi-Square analysis of variables. The 
variables found to be most appropriate for Great Oasis modeling were landscape 
position, distance to water, drainage class, parent material, and GLO historic 
vegetation. Three models were generated using ArcView 3.2. Statistical methods 
were used to determine the power of each model for predicting site locations. All 
models were analyzed using Chi-Square analysis, logistic regression, and map 
calculations. The models displayed a 43% to 59% improvement over chance for 
selecting areas that might contain Great Oasis sites. Archaeologists may use the 
findings to identify Great Oasis habitation sites and could be beneficial to Cultural 
x 
Resource Management field surveys. Geographic Information Systems modeling of 
Great Oasis sites offers another tool for the analysis of site data. 
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CHAPTER 1: INTRODUCTION 
I ntrod uctio n 
Predictive modeling has become an important archaeological tool over the 
last decade. The development of Geographic Information Systems (GIS) in many 
fields of research has revolutionized the analysis of geographic and spatial 
information. GIS has been applied to many different disciplines to study the spatial 
relationships between environmental factors such as wildlife management, 
landscape management, vegetation studies, and agronomy. Many archaeological 
studies focus on spatial relationships of archaeological sites making archaeology a 
prime candidate for GIS applications. In archaeological studies GIS has been 
applied to a number of different areas. Databases using GIS have been developed 
for research in site catchment analysis, predictive modeling to streamline research 
by increasing the accessibility of site information. 
Advancements in computer technology are spreading GIS analysis by making 
it available to a wider audience than ever before. Mobility and accessibility of faster 
higher powered computers are allowing data to be taken into the field. GIS allows 
researchers to assemble data before setting foot in the field. Recent computers 
meet the requirements for GIS with more powerful processors that open the door for 
more advanced analysis using larger datasets required for environmental and 
archaeological studies. 
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Significance of Study 
Many archaeologists have used Geographic Information Systems (GIS) in 
archaeological modeling. One focus of GIS in archaeological research has been the 
creation of predictive models which have been shown to be better than chance when 
determining the location of sites when conducting an archaeological survey. The 
focus of the previous model research has been to concentrate on a project location 
and use known sites as the base for predicting where unrecorded sites may be 
located in the same area (Allen 1996; P. Anderson 1996, 1999; Benton 2001; 
Carmichael 1990; Kvamme 1992; Maschner 1996; Warren 1990a, 1990b). Until 
recently, this limitation was almost a requirement because data sets were not 
available for use and researchers were forced to digitize all of their own datasets 
before analysis. This required enormous amounts of time and energy to prepare 
data before the modeling process could be done. The data processing burden 
forced researchers to limit their studies to specific smaller, project areas. The small 
areas creates a limitation in the value of the digitized data they created. However, 
there are now large datasets available that cover larger areas. 
Everyday, more information is made available to those wishing to use GIS for 
research. For example, in Iowa the entire soil survey has been digitized by the 
United States Department of Agriculture Geological Survey (USDA) and the Iowa 
Department of Natural Resources (DNR) data coverages for the state of Iowa are 
easily accessible from a number of sources. This ease of access allows research to 
be done in greater detail and in a shorter time than was even available during much 
of the original predictive modeling of 10 years ago. Recent work by the Iowa Office 
3 
of the State Archaeologist to digitize site maps into files usable in GIS applications 
has advanced the movement of site data from hand drawn paper maps and site 
reports, to the computer files allowing spatial studies and archaeological site 
modeling to make large advancements (P. Anderson 1996, 1999; Benton 2001; 
Parrish 1998). The research presented in this study represents an application of the 
data collected and the research conducted over the past ten years. 
Purpose of Study 
The purpose of this study was to create a predictive model for Great Oasis 
archaeological sites in Iowa and determine its effectiveness for archaeological 
research. The choice of site location is not a random occurrence and is based on 
human settlement patterns that can be seen when observing the environmental 
conditions of the sites that are currently known. The success or failure of this model 
depends upon the environmental attributes collected and their applicability to the 
choice of site location by these people. The intention of the model is to recreate the 
modeling process of others and extend it to the Great Oasis culture to improve what 
is known about Great Oasis. The models developed for the study will help with the 
understanding of this culture and increase the knowledge base of Great Oasis as 
well as .the archaeology of Iowa. 
Suggestions for developing archaeological predictive models and research 
needed for Great Oasis were utilized to improve the model as it was being 
developed. Previous archaeological work with predictive models suggested that 
models could be improved and made more powerful by focusing on sites of a 
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specific type by time period (Carmichael 1990). This study builds on Carmichael's 
(1990) suggestion by limiting the modeling to Great Oasis sites in Iowa, which are 
known to be in a brief and limited period of time, the majority of which are recorded 
as habitation sites (Lensink and Tiffany 1999). Further power for prediction will be 
found by excluding sites that have not been clearly identified as Great Oasis and 
limiting the data to known sites. 
The sites chosen for modeling in this study were compiled by Lensink and 
Tiffany (1999). One of the goals of the paper presented by Lensink and Tiffany 
(1999) was to start a master list of Great Oasis sites in Iowa, Minnesota, South 
Dakota and Nebraska that could be used for studies such as this predictive model. 
Their hope in developing this list was to improve the definition of the criteria for a 
Great Oasis site and prepare the data for GIS analysis as the technology improves 
and becomes more efficient. The predictive models presented in this study analyze 
the locations of the known sites compiled by Lensink and Tiffany (1999), and 
develop a theoretical means for location of additional sites to add to their master list. 
Research Questions 
Following the example of previous studies using GIS in the field of 
archaeology for predictive modeling, this study sought to answer eight research 
questions that address the purpose and suggestions of previous researchers. 
The research questions were: 
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1. Do current technologies, recent environmental datasets, GIS software like 
ArcView 3.2 and computer processors, lend themselves to construction of predictive 
models for archaeological sites (Carmichael 1990)? 
2. Can generally accepted environmental factors be used to create predictive 
models that are an improvement over random chance, for selecting locations of 
Great Oasis archaeological sites (P. Anderson 1996; Kvamme 1985, 1992)? 
3. Will a predictive model for Great Oasis sites in Iowa accurately predict known 
sites, in a manner that is distinguishable from the randomly selected non-site 
locations (Carmichael 1990)? 
4. Do predictive models for Great Oasis in Iowa create an improvement in 
predictions over chance (P. Anderson 1996, 1999; Kvamme 1992)? 
5. If models are shown to be an improvement over chance, can additional 
improvement be expected when the number of variables used in the model are 
increased (Warren 1990b)? 
6. What environmental factors were most significant in locating Great Oasis 
archaeological sites in Iowa (Warren 1990a)? 
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7. Are the data from known archaeological sites and randomly selected 
unknown sites sufficient to test the power of a predictive model (P. Anderson 1999; 
Kvamme 1992; Warren 1990b)? 
8. Is this methodology valuable to archaeological research in the future (P. 
Anderson 1996, 1999; Carmichael 1990; Kvamme 1985,1992; Warren 1990a)? 
Methodology 
This study focuses on creation of a predictive model based upon 65 
archaeological sites in central and northwest Iowa, compiled by Lensink and Tiffany 
(1999, 2003), that meet a list of specific requirements (see Chapter 4) to be 
classified as sites that contain a Great Oasis component. The sites were digitized 
by the Iowa Office of the State Archaeologist and were provided to the author for the 
research. Additional sources of data were compiled from a number of Web sites and 
produced the data sets required for the creation of the predictive model. 
The collected data sets were compiled using GIS software created by 
Environmental Systems Research Institute, Inc (ESRI) called ArcView 3.2. The 
results were output for analysis in Microsoft Excel spreadsheets which could be 
combined and analyzed using the Statistical Package for the Social Sciences 
(SPSS). Finally, the Microsoft Excel and SPSS results were analyzed and used to 
answer the research questions. 
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Plan of Presentation 
This study is presented according to a process outlined by Rudestam and 
Newton (1992). The first chapter offers a general introduction to the study being 
presented, describes the basic methodology, and lists the original research 
questions for the study to answer. Chapter 2 reviews the current research into the 
Great Oasis culture as well as the current research and approach to predictive 
modeling in archaeological studies. This literature review is important to understand 
the Great Oasis culture and how to apply current Geographic Information Systems 
technology to produce a predictive model. Chapter 4 presents the methodology 
behind predictive modeling. It details the specific variables necessary for predictive 
modeling and the processes for preparing the data for analysis. Chapter 5 shows 
the step by step analysis of the data obtained from the datasets prepared in 
Chapter 4 and summarizes the results of the various models. The steps involved in 
the analytical process are helpful for others attempting to understand the model 
development and the process of predictive modeling used in this study. Chapter 6 is 
an evaluation of the study and its ability to answer the original research questions 
posed in the introduction. Conclusions are drawn from the data and 
recommendations are made for further research based on the data produced in this 
study of Great Oasis sites. 
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CHAPTER 2: GREAT OASIS OVERVIEW 
Great Oasis 
The Great Oasis culture has been defined by artifact assemblages, 
settlement locations, and subsistence evidence from the locations. Artifact 
assemblages collected from the sites suggest the people were asemi-sedentary 
group that may have moved to and from village locations based upon seasonal 
resources such as bison and agricultural crops (Tiffany and Alex 2001:84; Wirth 
1999:69). Currently, the Great Oasis culture is defined by a suite of characteristics 
with the most important being distinctive ceramic styles and decoration. 
Great Oasis represents an interesting and important group of prehistoric 
peoples who were present on the Plains in the four corner region of Iowa, Nebraska, 
Minnesota and South Dakota (Anfinson 1979:92; Gradwohl 1974; Henning 
1996a:96-97; Tiffany and Alex 2001:72; Tiffany and Lensink 1999) (Figure 2.1). 
Originally discovered and defined by Lloyd A. Wilford (1945) in the southwestern 
corner of Minnesota, the term Great Oasis was applied to the sites because they 
were found along the shore of an extinct lake by that name. Wilford (1945:32) used 
the Midwest Taxonomic System (when he originally classified the sites. The original 
lakeshore site is the Low Village site (21 MU2) which Wilford described as an aspect 
of the Mississippi pattern according to the Midwestern Taxonomic Method (Wilford 
1945:32; Johnson 1969:273-274; Lensink and Tiffany 1999; McKearn 1939). 
Currently, 139 Great Oasis sites have been identified in the four states 
with the largest number, approximately 65, identified in Iowa (Lensink and Tiffany 
1999; Tiffany and Alex 2001:76-80). As with most prehistoric archaeology, exact 
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dates for the Great Oasis culture remain to be clearly defined. Radiocarbon dates 
were established for many sites, but not all sites have comparable data for analysis 
and the determination of age is still ongoing (Tiffany 1981:62; Tiffany and Alex 
2001:74-78). Current thought concerning the timeframe for Great Oasis is based on 
radiocarbon estimations as well as evidence in the archaeological assemblages of 
sites suggesting the cultural existence around AD 950 (Lensink 1996) and lasted 
until AD 1100 (Lensink and Tiffany 1999; Tiffany 1981:76-80; Tiffany and Alex 
2001:74-78). This date range and the archaeological evidence place Great Oasis as 
part of the terminal Woodland tradition (Lensink and Tiffany 1999; Tiffany 1983; 
Tiffany and Alex 2001:79). 
Understanding the relationship between Great Oasis and Mill Creek is an 
ongoing debate that can only be clarified by continued archaeological research 
(Edwards 1993:21; Henning and Henning 1978). Many researchers argue that it has 
not been determined if the Great Oasis was contemporaneous with Mill Creek or if 
Mill Creek is a product of Great Oasis (Henning and Henning 1978; Henning 
1996a:7-8; Peterson 1976; Tiffany et al. 1998:97; Wilford 1945:38-39). Lensink and 
Tiffany (1999) have used archaeological data to separate Great Oasis and Mill 
Creek. However, as Tiffany and Alex (2001) said, a serious lack of information from 
site reports and difficulty with radiocarbon dates, led to numerous theories and 
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Figure 2.1. Map of the extent of the four state Great Oasis site distribution redrawn 
from Henning 1971:133. 
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In Iowa, Great Oasis sites are generally found in three geographic clusters, 
one in the northwest along the Big Sioux, Missouri and Floyd Rivers and the other 
finro in central Iowa around the Des Moines and Raccoon Rivers (Henning 1971; 
Lensink and Tiffany 1999; Tiffany and Alex 2001:71-74; Wirth 1999:29-31). Three 
basic clusters of sites have been defined in the literature as localities based upon 
the Willey and Phillips (1953:18-19) archaeological units (Tiffany and Alex 2001:72), 
but it has been stated that the sites in the clusters are too widely scattered to be 
interpreted as localities (David Gradwohl personal communication 2003). For this 
study the current literature will be cited and the clusters will be labeled localities. 
These three localities are the Sioux City locality, the Lower Raccoon locality and the 
Central Des Moines locality (Lensink and Tiffany 1999; Tiffany and Alex 2001:72) 
(Figure 2.2). 
The Sioux City locality is primarily located in Plymouth county, with one site in 
Woodbury county, the Cowan site (13WD88), near the northwest corner of Iowa. 
This locality is made up of a cluster of 33 sites identified as having Great Oasis 
components (Appendix B). The sites are found primarily along Broken Kettle Creek, 
Perry Creek, and Big Sioux River (Lensink and Tiffany 1999). One of the more 
recently studied sites is the Cowan site (13WD88) on the West Floyd River in 
Woodbury County, just south of the Plymouth sites. This locality has the largest 
concentration of Great Oasis sites in Iowa. Edwards (1993), suggested this large 
number is because of the large surveys in the area that have uncovered more sites 
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than other areas, however the Des Moines River Valley has also been extensively 
surveyed for the Saylorville project (Gradwohl 1974, 1975; Osborn and Gradwohl 
1976, 1982). All these sites, are recorded as habitation sites. The Sioux City sites 
are shown in Figure 2.3. 
The Central Des Moines locality is a cluster of 13 sites along the Des Monies 
River. The sites are primarily identified in Boone County, although three are located 
slightly further north in Webster county. One of the Webster County sites, Gypsum 
Quarry, (13WB1) is recorded as a mound burial and the other finro are recorded as 
habitation sites. The Boone sites are recorded as habitation sites (Broihahn 1984, 
1997; Lensink and Tiffany 1999). Figure 2.4 shows the locations of these sites in 
Boone and Webster Counties along the Des Moines River. 
The Lower Raccoon locality is named after the two Raccoon rivers on which 
most of the sites are located, (the Raccoon River and the South Raccoon River) and 
has 13 identified sites (Appendix B). This locality is almost exclusively identified in 
Dallas County with only one site recorded in Polk County the West Des Moines 
Burial site (13PK38). This site was uncovered during the excavation of the 
basement to Crestview Acres, a retirement home in West Des Moines. It could 
almost be considered an outlier due to the lack of additional sites in the area. This 
absence of sites may be due to urban expansion and the proximity of this site to Des 
Moines which may have resulted in the destruction of other sites (Tiffany and Alex 
2001; Wirth 1999). The sites in Dallas County are all recorded as habitation sites 
except the Decamps Redfield site (13DA64). The sites from this locality are shown 
in Figure 2.5. 
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There were six additional sites identified for this study, they were simply 
classified as outlier sites, not directly affiliated with any of the localities. Four of the 
sites are the only Great Oasis sites located in their respective counties, and two are 
located in Cherokee county. These sites are 13JH2O2, 13L0425, 13HR401, 
13MR31, 13CK62, and 13CK71 and were included in the study because they 
contain strong evidence of Great Oasis habitation. Although the sites are within the 
general Great Oasis region they may not be good examples of Great Oasis sites. 
They were included to add a little variety to the known site list, and may account for 
some variation in the results. 
Typical Great Oasis habitation sites consist of unfortified villages, containing 
houses with bell shaped pits, although some debate has focused on possible 
fortifications at Great Oasis sites in northwest Iowa (Gradwohl 2000; Henning 1996a; 
Tiffany et al. 1998). Archaeological evidence from Great Oasis cache pits suggests 
they may have been one of the first groups regionally to have actively cultivated 
maize in Iowa and subsequently might represent a transitionary stage from a mobile 
hunter-gather lifestyle to a more sedentary existence (Anfinson 1979; Fishel 2001). 
Very few Great Oasis houses have been discovered or excavated leading to 
little knowledge of the houses and villages. An example of a Great Oasis house has 
been excavated at the Broken Kettle West site (13PM25) (Edwards 1993; Finney 
1994) located near the northwest cluster of sites. Another possible house may have 
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Sioux City Locality 
Central Des Moire Loca I ty 
• 
Lower Raccoon Locality 
Figure 2.2. Great Oasis localities in Iowa redrawn from Tiffany and Alex 2001. 
been located at the Maxwell site (13DA264) (Doershuk and Finney 1996:11-16) 
located in a cluster near central Iowa. One additional house has been excavated at 
the Heath site (39LN15) in South Dakota (Hannus et al. 1986). Excavations at these 
sites have suggested that houses generally are rectangular in shape with a semi- 
subterranean floor (Doershuk and Finney 1996:11-16; Edwards 1993; Finney 1994; 
Fishel 2001). The entryways are extended and were likely covered (Doershuk and 
Finney 1996; Henning and Henning 1978; Fishel 2001). These houses are thought 
to be part of small villages with additional outlying settlements (Finney 1994; 
Williams 1975). 
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A common element of Great Oasis sites and house structures is the existence 
of food storage pits located in the floors of the structures and around the village. 
Many groups of prehistoric and historic peoples have utilized the subterranean pit for 
storage of food (Cowie 1954:21-22; Wilson 1979). These pits provide excellent 
sources of information about the Great Oasis because when the pits were emptied 
or became infested by rodents or other animals, the holes were often converted into 
trash receptacles. Artifacts discarded into them provide an immense amount of 
information about the people's material culture. 
The most definitive characteristic of Great Oasis culture can be found in 
ceramic styles and is one of the most important factors to consider when 
determining a Great Oasis site (Gradwohl 1974, 1975; Lensink and Tiffany 1999; 
Osborn and Gradwohl 1982:58; Wirth 1999:31-37). The characteristics are most 
evident in the uniformity of the ceramics (Wilford 1945:34-35). The grit or grog 
tempered containers, are globular in shape with a rounded bottom, curved shoulder, 
a constricted neck, and straight orout-flaring rim (Edwards 1993:22; Gradwohl 2000; 
Wilford 1945:34-35; Wirth 1999:31-37). The vessels do not have handles like the 
ceramics from the later Mill Creek, Nebraska Phase, and Oneota (Lensink and 
Tiffany 1999; Wilford 1945:34-35). The vessel body is fairly thin and well-made 
using a fine cord-wrapped paddle and anvil method which would then be smoothed 
on the exterior and interior surfaces, additional polishing on the rim and close to the 
vessel opening have removed the majority of the cord impressions (Alex 2000:146-
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Figure 2.3. Great Oasis sites in the Sioux City locality used in this study. 
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Figure 2.4. Great Oasis sites in the Central Des Moines locality used in this study. 
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Figure 2.5. Great Oasis sites in the Lower Raccoon locality used in this study. 
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from reds to gray, tan or black (Fishel 2001; Henning 1996a; Wilford 1945:34-35; 
Wirth 1999:31-37). 
Archaeologists have classified the Great Oasis ceramics into two primary 
types of ware based on the form of their rims and necks: Great Oasis High Rim 
vessels, and Great Oasis Wedge Lip vessels (Anfinson 1979; Henning and Henning 
1978). A third, less common, ware type is identified as the S-shaped rim. However, 
the small number of the S-shaped rims recovered from Great Oasis sites has led 
archaeologists to consider it a provisional grouping of ceramics (Tiffany and Alex 
2001:85-86). 
Tiffany and Alex (2001:86) proposed a reclassification of Great Oasis 
ceramics to reflect the ceramic typology used in the identification of Mill Creek 
ceramics because of the numerous similarities between the two groups. The new 
ware reclassification changes Great Oasis High Rim to Hitchell ware, Great Oasis 
Wedge Lip to Williams ware, and the S-shaped vessels as St. John ware and 
includes all new types that are similar to the Mill Creek types (Tiffany and Alex 
2001:81). 
Great Oasis High Rim or Hitchell ware has parallel-sided rims with flattened 
lips. The decoration often includes oblique lines, elongated punctuates, and 
crosshatching, sometimes with a plain band (Fishel et al. 2001; Wirth 1999:31-37). 
The most elaborate decoration is generally found on Hitchell ware vessels possibly 
due to the larger area on the rims available for decoration (Fishel et al. 2001). The 
Great Oasis decoration has a specific assemblage of elements that are extremely 
uniform, well finished in appearance and accurately drawn on Hitchell ware (Wilford 
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1945:36; Johnson 1969:274). The primary decoration on ceramic sherds found at 
some of the sites suggests that the most common motifs are zigzag and horizontal 
lines (Johnson 1969:274). On Hitchell ware many of the oblique lines cross the 
horizontal lines forming triangular, and sometimes diamond shaped patterns that 
continue around the entire neck sometimes in the form of a fine-lined crosshatching, 
while others have a triangle motif with horizontal lines inside or outside the triangle 
(Edwards 1993; Henning 1996a; Johnson 1969:274; Wirth 1999:31-37). 
The decorations have incised lines in a parallel, horizontal pattern, often with 
other cross hatching bisecting one another (Johnson 1969:274). Often the band has 
what has been termed a background, by Henning and Henning (1978), over which 
the decoration can be applied. The decoration motifs often used are triangles, 
zigzags, pendant triangles, oblique lines, and diamonds (Edwards 1993; Johnson 
1969; Wilford 1945; Wirth 1999). Other designs consist of trapezoids, pendant 
chevrons, turkey tracks, inverted turkey tracks, arrows, and what has been 
interpreted as stylized maize, trees and running deer, or flag and dot motifs (Alex 
2000:145-146; Edwards 1993; Johnson 1969:274; Wirth 1999:31-37). Fishel et al. 
(2001) speculates that the presence of the different motifs in decoration could be 
due to differing households and individualistic styles each then representing a 
different household or family. 
The second ware type, Williams ware, has short, thick rims that are beveled 
towards the exterior (Fishel et al. 2001; Tiffany and Alex 2001:85-86; Wirth 1999:31-
37). Decorations on the Williams ware vessels are generally found around the lip-
rim exterior and on the flattened lip surface (Tiffany and Alex 2001:85-86; Wirth 
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1999:31-37). The decoration often is crosshatching or tool impressions and 
sometimes contains both but it is not uncommon for these vessels to be 
undecorated (Fishel et al. 2001). Occasionally, decoration is also present on the 
body between the neck and shoulder of the vessel in the form of horizontal lines that 
are parallel, running completely around the body of the vessel (Fishel et al. 2001). 
Finally, is the provisional S-shaped vessels of St. John ware. The S-shaped 
vessel is primarily identified by the shape of the rim which appears to be similar to 
the Foreman ware generally associated with the initial variant of the Middle Missouri 
habitation sites (Broihahn 1997:44-45, Tiffany and Alex 2001:85). As more sites are 
located and collections are examined, more S-shaped vessels are being located, 
some sites with recovered S-rims include Maxwell (13DA264), Meehan-Schell 
(13BN110), West Broken Kettle (13PM25), and Williams (13PM50) (Tiffany and Alex 
2001:85-86; Wirth 1999:31-37). Tiffany and Alex (2001:85) stated that the presence 
of this rim form supports the claim that Great Oasis and Mill Creek are chronological. 
Wilford (1945) noticed many similarities between the ceramics from the Great Oasis 
sites and the Mill Creek or Initial Middle Missouri variant sites. The similarities are 
an ongoing area of interest among archaeologists and further ceramic research will 
continue to clarify the relationship befinreen Great Oasis and Mill Creek (Doershuk 
and Finney 1996:28; Henning and Henning 1978; Johnson 1969:274; Wilford 
1945:35-36). Wilford (1945), originally decided that the overall site assemblage and 
ceramic characteristics were best explained as a part of Woodland culture. 
The different ware types are often found in specific concentrations based on 
geographic location leading researchers to suggest that this may indicate some 
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other meaning in the Great Oasis culture such as temporal differences, geographic, 
functional or social factors (Edwards 1993:24; Henning and Henning 1978). Further 
suggestions have been made that the groupings are suggestive of an ancestral 
descendant relationship between Great Oasis and Mill Creek (Henning 1996a:3,39), 
or that pattern variation may be tied to environmental factors or subsistence 
practices (Edwards 1993:24). 
Archaeological evidence from excavations of Great Oasis sites shows how 
and what these people utilized from their environments and how closely dependent 
they were on their surroundings. Stone tools associated with Great Oasis sites are 
similar to other prehistoric groups consisting of both chipped and ground stone tools. 
The tools are fashioned from regionally local cherts, sandstone, as well as basalt 
and granite cobbles (Fishel 2001; Henning 1996a:39; Morrow 1984:83,85; Tiffany 
and Alex 2001). Many lithic materials are thought to have come from areas west of 
the Great Oasis sites. Jasper from Chadron and Republican and Nehawka chert 
from Nebraska, Hixton Quartzite from Wisconsin, Knife River flint from west central 
North Dakota and Bijou Hills silicified sediment from central South Dakota support 
the hypothesis of a strong western network of contact. Other areas of contact are 
evident as well. Burlington chert (Morrow 1994:101-102) found in Dallas county 
provides evidence of lithics acquired from the southeast and suggesting a network 
that stretched to Mississippian communities (Henning 1991). It is common to find 
numerous other items that appear to have come from areas in the northwest and 
central Iowa, possibly through exchange networks (Henning 1996a:39-40). 
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Chipped stone artifacts from Great Oasis sites include triangular projectile 
points with and without notches, biface points, drills, retouched flakes, and end 
scrapers (D. Anderson 1975; Fishel 2001; Henning 1996a:40-49; Osborn and 
Gradwohl 1982; Tiffany and Alex 2001). Ground and pecked artifacts that have 
been excavated from Great Oasis sites include Celts, abraders, and mano and 
metate milling stones (Fishel 2001; Henning 1982:131-173; Henning 1996a:50-57; 
Tiffany and Alex 2001). 
Minerals such as limonite, hematite, and ocher are associated with Great 
Oasis sites and were likely used as paint or for pigment (Alex 2000:144-145; Fishel 
2001; Tiffany and Alex 2001). Fire-cracked rock is commonly found at Great Oasis 
sites. Stone remnants were added to pots of water for boiling or possibly used to 
line cooking pits. It is also speculated that they would have been good sources for 
grit to temper ceramics (Fishel 2001). 
The use of faunal remains as tools was an important part of the Great Oasis 
lifestyle. Although bone preservation in Iowa can be poor due to soil conditions, 
many sites have produced excellent examples of bone tools in their assemblages 
(Henning 1996a:57-64; Tiffany and Alex 2001:15-21,42-58). Tools made from 
bones include antler punches and flakers, arrowshaft wrenches, deer mandible 
sickles, awls, scapula hoes and fish hooks (Henning 1996a:57-64; Tiffany and Alex 
2001:15-21,42-58). Additional worked bone recovered has been in the form of 
beads, earspools, rings, shell crosses, disc beads, pendants, corn shelters, and pins 
(Alex and Tiffany 2000:320; Henning 1996a:57-64; Wirth 1999). The faunal remains 
recovered at Great Oasis sites are from a wide variety of species such as deer, elk, 
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bison, gopher, ground squirrel, coyote, wolf, beaver, and rabbit (Edwards 1993:21; 
Tiffany and Alex 2001:68-75; Wirth 1999). Fish and waterfowl are prevalent in site 
remains (Edwards 1993:21; Wirth 1999:68-75). 
Archaeological evidence for the cultivation of maize by the Great Oasis is an 
area of ongoing debate (Henning 1996a:57-64; Lensink and Tiffany 1999; Tiffany et 
al. 1998). Henning (1996a) stated that there is a lack of evidence in the form of 
scapula hoes and corn remains to support active cultivation. However, sites such as 
Meehan-Schell (13BN110), Maxwell (13DA264), Kuehn (13DA110), and Broken 
Kettle West (13PM25), have produced evidence of maize and tools necessary for 
cultivation (Doershuk and Finney 1995; Fishel 2001; Green 1995; Lensink and 
Tiffany 1999; Mead 1981). Some researchers have suggested that evidence for a 
lack of cultivation may have been associated with groups of Great Oasis people 
living in Minnesota while those living in Iowa were actively cultivating corn (Edwards 
1993:23-24 ). 
Chapter Summary 
Chapter 2 reviewed the current literature about Great Oasis and predictive 
modeling in archaeology. The chapter began with the original identification of Great 
Oasis in Minnesota by Lloyd Wilford in 1945. From there the attempts to assign 
Great Oasis into various temporal categories and the recent debate between the 
Mississippi pattern hypothesis and the Late Woodland hypothesis. Next the 
distribution of Great Oasis sites in central and northwest Iowa was reviewed. The 
artifact assemblages, important for identification and classification of Great Oasis 
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sites, were summarized, concentrating on ceramics, lithics, and subsistence 
evidence. 
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CHAPTER 3: REVIEW OF DESCRIPTIVE AND PREDICTIVE MODELING 
The basic theory behind descriptive and predictive modeling is a simple 
concept. A model is created using descriptive and predictive modeling to help 
archaeologists identify important relationships that might otherwise have been 
missed without the model (Gibbon 1984). Predictive models or operational models 
attempt to predict and explain archaeological phenomena (Gibbon 1984:105). 
Construction of archaeological models requires the use of abstraction and 
derivation, followed by an attempt to recognize a correlation befinreen archaeological 
data and to abstract additional archaeological data (Gibbon 1984). No model 
building process is guaranteed to be effective. Often, data can be misleading and 
critical analysis is important to determine the effectiveness of the data and results. 
All models must use a combination of theory and observation to help determine 
accurate predictions (Warren 1990a). 
Gibbon (1984:117-123) proposed six steps for the development of an 
effective model. The first step is to isolate awell-defined problem. This will clarify 
the specific goals, for the model and help focus on what will be the necessary 
elements for constructing the model. Second, the relationships to be studied must 
be analyzed and the researcher must understand why the archaeological data are 
significant for the particular model. Third, the archaeologist needs to understand 
what implications the model has on the data and how it applies beyond the scope of 
the problem it was originally developed to answer. This step begins the process of 
testing the implications of the model. Fourth, is to evaluate the implications of the 
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model and suggest how it might advance the knowledge of archaeology. The 
archaeologist's fifth step is to attempt to simplify the model to in order to keep it from 
becoming too complex and defeating its original purpose. The sixth step is to search 
for generality, and make the model applicable to broader uses in archaeology and 
archaeological studies. The models should be generalized to make it more 
applicable to additional real-world contexts. The generalizations result in new 
theories which become helpful for future research. 
Every set of facts may have more than one model or method of evaluation, 
providing archaeologists with numerous avenues for exploration to answer their 
research questions. The wide variety of models can help archaeologists understand 
variables that influence site location and that the rigor, precision and fit with reality 
are only minor parts of the model; the research fertility, or unpredictability may be 
just as important (Gibbon 1984:124). According to Gibbon (1984) evaluation of the 
model must include a number of criteria including, relatedness, transparency, 
robustness, testability, and unpredictability. 
The ability to identify patterns in sets of observations has always been an 
important part of archaeology (Trigger 1989). Observed patterns lead to hypotheses 
and may have implications for future observations and create an ability to predict 
future observations (Warren 1990a). Archaeological predictive modeling requires 
that patterns be observed and described in order to help understand what the 
implications of these observations represent (Warren 1990a). 
Warren (1990a}, suggested there are two main types of information that are 
used to develop a predictive model. First are that variables can be analyzed in a 
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cause and effect relationship as trends. Second are the empirical observations that 
consist of relationships between dependent and independent variables, and the 
information about these variables that may influence the predicted outcome. This 
approach to creating a predictive model is based on descriptive modeling. 
In descriptive modeling, archaeological sites are modeled based upon 
information that is currently known in the literature or by professional archaeologists 
(P. Anderson 1996). The description in this case will consist of information that is 
deemed important from a review of literature and specific to the location and 
environment of Great Oasis sites. This description will then be added to the 
predictive process by determining the variables that are important to sites and then 
the variables will be added to the predictive modeling. 
One approach to the analysis of models of data is to use probability models. 
This group of models has been used with varying degrees of success in 
archaeological research across the country (P. Anderson 1999; Goings 2003; 
Kvamme 1992; Warren 1990a). A probability model uses the premise that 
comparisons of independent variables of areas with known sites to areas with non or 
unknown sites will show the dichotomy between the two. This is best accomplished 
with statistical methods based on regression analysis because a regression shows 
the relationship between two or more independent variables and a single dependent 
variable representing the presence or absence of a site (P. Anderson 1999; Goings 
2003; Kvamme 1992; Warren 1990b). A class of regression models known as 
logistic regression (Menard 2002; Pampel 2000) describes the odds that a group of 
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characteristics will predict the presence of a site based upon variables determined to 
be important to site location (P. Anderson 1999; Kvamme 1992). 
Logistic regression involves discovery of a dichotomy between two elements 
of the dependent variable, such as a site and a non site location and analyzes it by 
comparing the presence versus the absence of an archaeological site at a given 
location (Berkson 1944; Warren 1990a). Environmental variables from the known 
site location data and the non-site data are sampled to predict whether there is a 
correlation between the independent variables that may predict site or non-site 
classification within the dependent variable (P. Anderson 1999; Benton 2001; 
Carmichael 1990; Kvamme 1985, 1992; Warren 1990a, 1990b). The advantage of 
logistic regression over other statistical methods is the ability to compare nominal 
variables that cannot be directly expressed in an ordinal fashion (Kvamme 1985; 
Parker 1985). The independent variables often are environmental variables such as 
elevation, slope, aspect, distance to water, landforms, soils, and geological 
information (Benton 2001; P. Anderson 1999; Kvamme 1985, 1992; Parrish 1998; 
Schermer and Tiffany 1985; Warren 1990b). Nominal variables like landform and 
soils require logistic methods. These variables are believed to have been important 
to prehistoric peoples when choosing site locations. 
Numerous studies have compared the effectiveness of a logistic regression 
analysis and other types of statistical analyses and logistic regression has been 
shown to be the best method for empirical predictive modeling of archaeological site 
location (P. Anderson 1996, 1999; Carmichael 1990; Kvamme 1985, 1992; Parker 
1985; Warren 1990a, 1990b). Warren (1990a:94-95), found that when using logistic 
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regression instead of other analyses such as discriminate function analysis to 
determine probability estimates, the logistic regression performs better when dealing 
with independent variables that do not have normal distributions such as the 
variables used in predictive modeling. Kvamme's models using logistic regression 
analysis have proven to be the best choice for modeling archaeological sites 
because they define variables well, and have tremendous potential for creating 
models that are strong and valuable for archeology (Warren 1990a:96). 
Limitations of GIS and Predictive Modeling 
The term predictive modeling in archaeological research seems to suggest 
that this tool has the potential to provide a means to remove all guesswork from 
locating archaeological sites when in fact it is simply another tool to be utilized in site 
location. There are a number of basic assumptions that must be taken into account 
before creating a predictive model. 
The first assumption is that a predictive model will predict sites that are similar 
to the sites that are known (P. Anderson 1996). The easiest sites to predict are 
those the model was built with, so appropriately they should produce the highest 
score values. 
The second assumption is that the known sites used in this Great Oasis 
model are truly representative of all Great Oasis sites. It is impossible to say that all 
Great Oasis sites have been identified, and if they had this model would be an 
exercise in futility. Furthermore, this study is focusing on Great Oasis sites identified 
in Iowa. Iowa represents a modern political boundary. Prehistoric sites were not 
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bound by the same boundaries that exist today. In fact there are known geographic 
differences in sites outside of Iowa, most obvious in the Minnesota sites located on 
the shores of extinct lakes (Lensink and Tiffany 1999; Wilford 1945; Wirth 1999). 
This study is limited to Iowa because other states are behind in their GIS data 
development, while the datasets for Iowa are well organized and easily accessible. 
Consideration of this bias issue allows the researcher to attempt to refine the 
variables that might be different, and round out the model (P. Anderson 1996). 
Since this study focused on Great Oasis sites in Iowa, it makes no claims to be able 
to predict the sites in other states or geographic regions. 
A third assumption is that the data are equal for all known sites (P. Anderson 
1996). This means the data for all of the sites are equally weighted and disregards 
specifics about various sites such as type of site, age, size extent, location, and 
amount of documentation (P. Anderson 1996:16). 
The third assumption was addressed as the shapefiles were being prepared 
in ArcView. The Great Oasis shapefiles from the Iowa Office of the State 
Archaeologist had varying degrees of accuracy in the size, shape, and location of 
the known sites. Some sites were well mapped using the most modern Global 
Positioning technology with very accurate shapes of the archaeological site, while 
others were digitized from original site maps and only had an approximate point 
location of the site. This dichotomy was corrected by using the Polygon to Centroid 
ArcView extension which calculated a central point within the polygon to represent 
the site. 
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The fourth assumption is that current data sets accurately represent 
prehistoric environmental conditions (P. Anderson 1996; Kvamme 1992). Although 
there are many changes in the environment through time, Kvamme (1992) pointed 
out, there may be a nonrandom pattern to the modern variables that could still 
predict cultural locations better than chance even though modern attributes may not 
have been directly responsible for site location. Wendland (1979:276), stated that 
the greatest rate of change in ecotones in North America was during the early 
Holocene, and change, while ongoing today, has been at a much slower rate. The 
Great Oasis timeframe of 950 to 1100 AD falls into the timeframe of the neo-Atlantic 
when the Plains were at an extremely moist period that would have been conducive 
to maize cultivation (Wendland 1979). For this study, it was assumed that the 
general coverages would be adequate for predictive purposes because there has 
been little change in these variables, such as soil and location of rivers and streams 
over the past 1,000 years (Jonathan Sandor personal communication 2002). 
A fifth assumption of this model is that the non-sites do not include Great 
Oasis archaeological sites, they are all assumed to be non-sites (P. Anderson 1996). 
It has been determined by P. Anderson (1996) that having a selection of known non-
sites, non-sites that have been confirmed as non-sites by survey, does not improve 
the predictive model's improvement over chance. The only caution taken with the 
selection of random sites was to confirm that no non-sites overlapped with known 
sites that were used in this study. 
Finally this model assumes that the socio-cultural information concerning the 
locations of archaeological sites is independent from the environmental conditions. 
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Kvamme (1992) said that environmental information can be easily obtained and 
computerized into a GIS model while cultural influences on behavior for prehistoric 
groups is extremely difficult to bring into a GIS. Prehistoric behavior is difficult to 
quantify making it extremely difficult to include the socio-cultural values in 
archaeological modeling. 
Chapter Summary 
Chapter 3 addressed predictive modeling in archaeological contexts over the 
past 20 years. The theory of modeling was explained and its steps in the modeling 
process were clarified. The concept of modeling in archaeology was introduced and 
examined with six steps used to create an archaeological model. The construction 
of models requires abstraction and derivation, a recognition of the correlation 
between data, and the ability to abstract additional data from the model. Each step 
was applied to the Great Oasis model, strengthening the method behind the model 
creation . 
Next the statistical theory behind the modeling process was introduced by 
explaining the use of logistic regression to determine a correlation between the 
dependant and independent variables in a study. For this study the dependant 
variable is the known site or the non-site and the independent variables are the 
environmental attributes thought to be influential on the location of known sites. 
Finally a number of assumptions for predictive modeling were addressed. The 
assumptions dealt with the ability of a model to predict sites similar to those used for 
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creating the model, and that the sites being used are truly representative of the sites 
being studied . 
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CHAPTER 4: METHODOLOGY 
This chapter describes the methods used to explore the study purpose and 
research questions of this study. The purpose of this study was to learn more about 
Great Oasis by compiling a set of data from Great Oasis sites in Iowa and creating a 
predictive model for Great Oasis archaeological sites in Iowa using a Geographic 
Information System and exploratory data analysis on the results. 
Three models were created to map the probability of Great Oasis 
archaeological sites throughout the study areas. The study follows the six-step 
archaeological modeling process proposed by Gibbon (1984). The first step is to 
isolate a problem. The second step is to examine and develop the process and 
make simplifying assumptions. The third and fourth steps are to develop 
implications and then evaluate these implications. The last two steps are to simplify 
the model and finally to search for generality to apply the model across other areas 
of archaeology. 
The first step in this modeling process was to isolate and define a problem 
(Gibbon 1984:117). The specific problem for this study was to test the ability to 
predict a site location or the dependent variable, based on environmental attributes 
or independent variables, of known Great Oasis site locations and whether a 
predictive model is more powerful than surveys of random locations. 
Studies have shown that the environmental conditions on and around site 
locations were extremely important for prehistoric cultures and are highly related to 
their subsistence and settlement systems (Schermer and Tiffany 1985; Tiffany and 
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Abbot 1982). The survival of prehistoric groups of people was based on their ability 
to utilize the natural resources around them (Schermer and Tiffany 1985). 
Archaeological sites are situated according to the needs of these prehistoric peoples 
and there will be patterns created by these groups which will reflect the 
environmental conditions most important to them (Schermer and Tiffany 1985; 
Tiffany and Abbott 1982). The predictive modeling process looks for these attributes 
and attempts to draw conclusions about which variables were the most important. 
The second step proposed by Gibbon (1984:117-119) is to examine a 
process and make simplifying assumptions. The process involved in predictive 
modeling has three steps. First, a determination of the appropriate GIS data that 
contain the information about the environmental factors associated with site 
locations and determining the availability of this information. Second, data must be 
compiled about the specific locations of known Great Oasis sites and data must be 
compiled for a random sample of non-sites. The third step is to compare the 
environmental data for locations of all the known sites and non- sites in a GIS for 
analysis. The results from the combination of these datasets are then analyzed 
using Microsoft Excel and SPSS to determine if the variables are statistically 
significant and to determine if the model defines relationships within the data. 
The third modeling step (Gibbon 1984:119) is to develop helpful implications. 
The implications of the predictive model are the effectiveness and power of the 
model to predict Great Oasis sites better than random survey techniques. The 
model is also a verification of the research by others that archaeological site 
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locations are influenced by environmental conditions and that an understanding of 
these influences is necessary for archaeologists working around the world. 
The fourth modeling step (Gibbon 1984:120) is to evaluate the implications of 
the model. The evaluation of this model using Microsoft Excel and SPSS shows the 
use of environmental factors by Great Oasis are powerful predictors for site location. 
Individual factors can be determined to be higher potential markers for sites while 
others might be evaluated as not significant for site location. 
The fifth model step (Gibbon 1984:120-121) is to enrich and simplify the 
model. This step evaluates the successful and unsuccessful aspects of the Great 
Oasis model. Those attributes determined to be insignificant based on a 
comparison of known and non-site locations can be eliminated from the modeling 
process saving time and energy. With the poor predictors removed, the analysis can 
be focused on those elements most highly significant and conclusions can be drawn 
concerning the reasoning behind why these are influential in site location. 
Gibbon's (1984:121-123) sixth, and final step, is to search for generality. In 
the final analysis of the Great Oasis sites the important attributes for the location of 
known sites may also be excellent predictors for site locations of other prehistoric 
groups. It would be useful to view the model in a general framework for other 
studies of individual prehistoric groups. The different groups could then be 
compared to show any differences that might be significant to separate one group 
from another with a predictive model. This could also add validity to this study's 
models as significant for Great Oasis site location. 
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Study Design 
The research for this study utilized GIS software created by ESRI called 
ArcView 3.2. Additional extensions to expand the power of Arc View were used for 
the data analysis. The extensions included Clip Grid, Get Grid Value Extension v 2, 
Geoprocessing, Polygons to Centroids, Simple Random Sampling v 1.0, and X 
Tools. The extensions performed various functions for processing the collected data 
between raster and vector data sets. Raster and vector data sets represent the two 
forms in which GIS data sets are available. 
Raster data sets divide space into a series of units or grid cells commonly in 
the shape of a square but also may be other geometric shapes (DeMers 2000, 
2002). These grid cells spatially represent geographic areas of a specific size or 
resolution. For example, Digital Elevations Models (DEM) represent 30 x 30 meter 
square areas and contain elevation data for each cell. The individual cells make up 
a grid in which the location of each grid cell is pieced together to represent an area 
(DeMers 2000, 2002). 
Vector formatted sets allow data to be located in extremely specific locations 
based on a single (X,Y) coordinate or a group of (X,Y) coordinates (DeMers 2000). 
The points can be found using any Cartesian coordinate system such as the data 
points used in Global Positioning Systems (GPS) and may represent 
latitude/longitude, Universal Transverse Mercator (UTM), or other coordinate 
systems (DeMers 2000, 2002). The points in a vector data set can be put together 
with lines that connect them and could represent a boundary or road, or form 
polygons that represent an area such as an archaeological site. 
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Previous research used raster data sets because they were quicker to use for 
calculations and created smaller computer files for use in a more limited computer 
memory space (P. Anderson 1996, 1999; Benton 2001; Carmichael 1990; Goings 
2003; Kvamme 1992; Parrish 1998; Warren 1990b). Raster data in ArcView are 
advantageous for archaeological research because they allow the Map Calculator 
function to assign values to cells based upon the calculated attributes (P. Anderson 
1996). This study utilized both raster and vector data. Current computers are more 
powerful than those in the past and extensions, such as the Get Grid Value 
Extension, make it possible to utilize the two forms of data together. DEM data and 
the coverages derived from it remained in the raster format as well as the proximity 
to streams calculations. Site data, and all other coverages were in the form of vector 
data sets. The output from the Map Calculator was in a 30 x 30 meter grid 
coverage. 
The data for this study represented environmental areas of Iowa in 
conjunction with locations of known Great Oasis sites in Iowa. The data sets were 
obtained from the following sources: the Iowa Department of Natural Resources 
Geographic Information System Library (NRIGIS), the Natural Resources 
Conservation Service Iowa Cooperative Soil Survey (NRCS/ICSS), the Iowa State 
University General Land Office Research database (GLO), the Iowa State University 
Geographic Information Systems Support and Research Facility (ISUGIS), and the 
Iowa Office of the State Archaeologist. A complete list of the sources and their 
websites are listed in Appendix A. The primary coverage data obtained from these 
sources included Digital Elevation Models (DEM), hydrology, soil maps and data 
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sets, regional landform, historic vegetation, geological information, county data, 
topographic maps, and Great Oasis site location data. Within ArcView, these 
coverages were used to generate additional data in the form of secondary 
coverages (Table 4.1). 
The DEM generated slope and slope aspect, the hydrology generated a 
proximity to streams coverage, the soil created soil types and landforms, and the 
vegetation maps created vegetation types. 
After all of the data sources were collected and placed into the database, they 
were processed to create appropriate additional coverages of information contained 
in the attribute tables. The steps of data preparation follow. 
River themes for every county in the study areas were merged together to 
form a hydrology coverage for the locality. The hydrology coverages were processed 
to produce a distance to water grid theme to assign a proximity to water value to a 
field in the known site and random non-site tables. Modern coverages were 
accepted for the study because Wendland (1978) stated that change in 
environmental conditions in Iowa have been minimal over the past 4,000 years. Soil 
themes were collected for the entire county area, and the polygon themes were 
merged to create one coverage for each locality. This was used to produce grid 
themes of the parent material, native vegetation, landscape position, and soil 
drainage class. The new coverages assigned values to the known site and random 
non-site attribute tables. The GLO historic vegetation theme was clipped to remove 
all data outside of the counties containing the localities and converted to a grid 
theme for the vegetation types at each known site and randomly selected non-site. 
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Finally, DEMs were clipped to reduce their size to approximately cover the 
counties containing the site data (Figure 4.1) using an extension, Clip Grid, from the 
ESR1 website. This limited the coverage to include only the areas being studied, 
thus reducing the size and the amount of time necessary for the calculations of slope 
and slope aspect from the DEM. The grid cell size for the DEMs used was 30 x 30 
meters. This was determined to be a higher resolution than previous studies and 
adequate for predictive modeling (P. Anderson 1996; Benton 2001; Carmichael 
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Figure 4.1. Clipped DEM showing elevations in feet of Plymouth County 
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1990; Kvamme 1992, 1985; Warren 1990b). Although higher resolutions of 10 x 10 
meters are available, 30 x 30 meters was more than adequate and was available 
from the ISUGIS website at no charge. It was noted that a higher resolution will 
provide a more powerful model (Warren 1990b). All additional raster data such as 
the proximity to water coverages were calculated to match the DEM 30 x 30 meter 
grid cell size. 
The archaeological sites chosen for this study were compiled by Lensink and 
Tiffany (1999) from the official Iowa Site Record at the Iowa Office of the State 
Archaeologist as well as from the official site records in Nebraska, Minnesota, and 
South Dakota. The number of sites identified as having a Great Oasis component is 
continually being reevaluated and updated (Lensink and Tiffany 1999; Tiffany and 
Alex 2001). The original number of sites for Iowa from Lensink and Tiffany (1999) 
was 91, however reevaluation of the facts has lowered the number to a total of 65 at 
the time of this study (Appendix B). 
The sites in this study were determined to be Great Oasis sites based on a 
number of criteria (Lensink and Tiffany 1999; Wirth 1999). Lensink and Tiffany 
(1999) used finro primary criteria for the identification of sites as Great Oasis. First, 
the site had to have several Great Oasis rim sherds and second, they needed to be 
"reasonably" near other Great Oasis sites. 
A study by Wirth (1999), attempted to locate additional sites by creating what 
he called a Great Oasis Index Test. Wirth (1999) proposed a five criteria test for 
each site to determine if a site contained a Great Oasis component. First, the site 
had to be located spatially near other confirmed Great Oasis sites. The second step 
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was to analyze artifacts from the sites to determine if they could be verified as Great 
Oasis based on the distinctive ceramic decoration and style (Wirth 1999:22-24). 
Next was to look for tillable soils within a 1 kilometer radius of the site (Wirth 
1999:25-26). The final step was to determine if the site was within a specific 
distance to water as well as other Great Oasis sites (Wirth 1999:26-28). The 
attributes proposed by Wirth (1999) are similar to those used for the predictive 
models used in this study; however, the models in this study use a computerized 
GIS to predict locations of additional sites over a broad area. The Wirth model was 
used to determine if there were any Great Oasis sites that had not been previously 
identified within the Central Des Moines locality and the Lower Raccoon locality. 
Using the list compiled by Lensink and Tiffany (1999) (Appendix B), Great 
Oasis archaeological site records and locations were obtained from the Iowa Office 
of the State Archaeologist. The site locations were in the form of digitized shapefiles 
for analysis using ESRI's software ArcView 3.2. 
In order to measure the power of a predictive model, the known sites were 
compared with a set of randomly selected non-sites. The non-sites were assumed 
to be non-sites based upon similar research by P. Anderson (1999), Carmichael 
(1990), and Kvamme (1985, 1992). The non-sites were selected randomly from 
each of the three localities using an ArcView extension called Simple Random 
Sample, from the ESRI website. The extension used a specified number to select a 
sample of non-sites from a specified polygon theme. The theme for the selection 
area was the group of counties containing the specific localities. The random sites 
were selected from the same general areas as the known sites in order to keep the 
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Table 4.2. Number of known and random non-sites selected within localities. 




33 13 13 6 65 
66 26 26 12 130 
sample similar to the regions of the known sites, this parameter was intended to help 
keep the random samples within the same environmental range, while reducing 
possible bias toward the known sites (Carmichael 1990). In predictive modeling, it 
has been determined that the use of more non-sites than known sites provides a 
better representation of the study area and its resources (P. Anderson 1996; Benton 
2001; Kvamme 1992; Parrish 1998; Schermer and Tiffany 1985). Therefore, it was 
decided to sample a ratio of two random non-sites for every known site in a county 
resulting in 65 known sites and 130 random non-site samples (Table 4.3). Figure 
4.2 shows the points randomly selected from the locality counties. 
Selection of the Model Variables 
Predictive modeling of archaeological site locations is based on the 
recognition of patterns of human behavior and activity areas (Kvamme 1992:20). 
Kvamme (1992) suggested that there are two primary influences on prehistoric 
choice of site location: cultural factors and environmental factors. For GIS analysis 
of Great Oasis sites, it is easier to obtain information about the environment at or 
around a specific location, than to quantify what Kvamme (1992) referred to as 
socio-cultural information. The environmental data are easily obtained from many 
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modern sources (Appendix A), and with modern software has greater accessibility 
to analysis than previous paper based maps (Kvamme 1992). 
Studies of archaeological settlement patterns show that archaeological sites 
are not randomly distributed and, based upon this continuing exploration, have 
developed a number of variables which may help to exhibit the archaeological 
patterns (P. Anderson 1999; Benton 2001; Kvamme 1985, 1992; Schermer and 
Tiffany 1985; Warren 1990b}. Kvamme (1992:23) states "that it doesn't matter what 
kinds of data are used to generate a model, as long as the model exhibits patterns 
on some or all of the variables." 
Variables for this study were selected using two methods. First, a literature 
review of Great Oasis sites and previous predictive model construction was 
completed to determine attributes that may have been important in determining the 
location of the known site. The sources for this review included site reports, as well 
and contract completion reports from Cultural Resource Management projects 
executed by the Iowa Office of the State Archaeologist and Iowa State University 
Archaeological Laboratory as well as journal articles concerning Great Oasis sites, 
and research studies by former graduate students from the Iowa State University 
Anthropology Department. Many of these resources are referenced throughout this 
text as well as cited in the reference section at the end of this thesis. Secondly, the 
attributes were compared with data currently available for GIS modeling in ArcView 
to determine the plausibility of modeling the variables. Attributes with insufficient 
data were eliminated. Following is a brief overview of some of the most applicable 
research on variables necessary for successful predictive modeling as well as data 
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Figure 4.2. Randomly selected non-sites from locality counties. 
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on the variables which might be influencing the site location of Great Oasis sites in 
Iowa. 
Schermer and Tiffany (1985) identified resources they believed to be 
important to Woodland site location near Coralville Reservoir in Iowa, including 
water, vegetation, soil, topography, availability of clays, cherts and raw materials for 
fuel. They suggested that "These criteria include availability of water, suitable 
shelter, raw materials like wood for fire and habitations, availability of game and 
edible plants, knappable cherts and chalcedonies, clays for pottery production 
availability of tillable soils for agricultural activities, and so on" (Schermer and Tiffany 
1985:216). 
Warren (1990b), created a large number of variables from GIS data available 
in 1990 to model sites in a study area in southern Illinois. The variables chosen 
included elevation, surface slope, surface aspect, distance to nearest stream, 
distance to nearest chert, soil series, soil landform, soil parent material, soil 
drainage, soil permeability, soil flood frequency, as well as many others. 
In another early GIS predictive model, Carmichael (1990), used variables 
within anorth-central Montana study area to predict site location. The variables, 
distance to water, aspect, slope, relief, and elevation were based on previous 
studies of important site location predictors (Carmichael 1990:219). 
In his predictive modeling of Oneota sites in northwest Iowa, Benton (2001) 
created a model based upon six variables he developed from a site catchement 
analysis of Oneota sites. The variables included elevation, slope, slope aspect, 
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proximity to stream, soil drainage class, soil landform type, and vegetation (Benton 
2001:152). 
I n a study in Boone County, Iowa, near many of the Great Oasis sites in this 
study, Parrish (1998) chose distance to water, landform position and native 
vegetation as indicators of site location on the Iowa 4-H Center campgrounds. 
These indicators were selected using a literature review to determine characteristics 
of known sites in Iowa (Parrish 1998). 
P. Anderson's (1999) predictive models of archaeological sites for a project at 
Camp Dodge in Iowa focused on landforms, vegetation, proximity to water, and soil 
drainage. Another study by P. Anderson (1996) in Dallas County focused on 
landscape position, proximity to confluences, proximity to valley, land cover, GLO 
historic vegetation, and native vegetation. Variables for these projects were 
selected based on modeling between known sites and randomly selected non-sites. 
Chi-Square tests contributed values for ranking the variables according to their 
correlations (P. Anderson 1999). 
In a review of Great Oasis sites and their locations in the Webster, Boone, 
and Dallas County areas of Iowa, Wirth (1999) considered a number of relevant 
environmental factors: landform, soils, climate, vegetation, and faunal availability. 
He stated that the sites and their locations are associated by their environments 
(Wirth 1999:43 ). 
Probably the most predictive modeling over the past 20 years was completed 
by Kenneth Kvamme (1985, 1990, 1992). In numerous studies Kvamme compiled 
data on known sites and tested a variety of combinations of variables into different 
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models to look for the patterns in archaeological site location (Kvamme 1985, 1990, 
1992). In these studies Kvamme focused on finding environmental variables related 
to site location patterns (Kvamme 1992). These variables included slope steepness, 
slope aspect, local relief, view, shelter, horizontal distance to drainage, vertical 
distance to drainage, and horizontal distance to agricultural soil (Kvamme 1990, 
1992). In other projects, Kvamme (1985:218-219) used a variation of these others 
with additional distinctions such as adding vertical and horizontal distances to water, 
distances to fuel sources, distance to boundaries between vegetation types, and 
quality of shelter. 
The review of the literature presented above showed a wide variety of data 
used for archaeological site prediction. Often the models focused on specific groups 
of people, such as hunter-gatherer groups (Kvamme 1985, 1992) or looking for a 
wide range of culturally affiliated sites within a project location (P. Anderson 1996, 
1999; Carmichael 1990; Warren 1990b). In all of the cases presented, the fact 
remains that there are environmental conditions assumed to present patterns in 
archaeological site locations. There is also evidence of specific variables that are 
indicative of site location. The variables for this study were selected based on the 
literature cited above, as well as variables that might have more bearing on Great 
Oasis site location. For instance, Wirth (1999), studied the faunal remains of 
numerous sites and indicated the importance of white-tailed deer for site location. If 
appropriate coverages to represent the spatial distribution of deer in relation to Great 
Oasis sites could be developed, white-tailed deer distributions would become an 
important attribute for modeling. Unfortunately, at the time of this study there were 
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no datasets available for analysis so this had to be eliminated as a potential variable 
for the models and was beyond the scope of this study. The variables were selected 
based on their availability for analysis and the likelihood that they would contribute to 
prediction of Great Oasis site locations. 
The selected variables include proximity to water, elevation, slope steepness, 
slope aspect, landform position, GLO historic vegetation, soil native vegetation, soil 
parent material, soil corn suitability rating, flood frequency, and soil drainage class. 
The data for each variable were then analyzed to determine the statistical 
significance for each variable using the SPSS function for Chi-square at a 95% 
confidence level. The variables initially chosen for the study are shown in Table 4.3. 
Variables that were originally analyzed but not used included flood frequency, slope, 
native vegetation, Corn Suitability Rating (CSR), and slope aspect. These were 
eliminated based on their low Chi-Square values and their high p values. Elevation 
was eliminated because Iowa has fairly low relief with landforms that do not have 
dramatic changes in elevation. Furthermore, elevation does not directly correlate 
with landforms and the landscape position was deemed a better variable for 
predictive modeling. 
Previous predictive modeling research has used Chi-Square analysis to 
select and weight the environmental variables to be used in the predictive models 
(Tiffany and Abbott 1982; Schermer and Tiffany 1985). The hypotheses below are 
based on the literature review of Great Oasis sites and on the attributes from the 
descriptive models of the known sites. 
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Table 4.3. Variables for Great Oasis GIS predictive models and Chi-Square values 
Variable 
Logistic Regression 
















































The null and alternative hypotheses were tested against each of the variables 
above in order to accept or reject the null hypothesis. The hypothesis proposed is 
given below: 
Ho: The variable has no effect on the location of Great Oasis sites. 
Ha: The variable does have an effect on the location of Great Oasis sites. 
The hypothesis acceptance or rejection was determined based upon the Chi-Square 
results and a significance level (p-value) of 0.05 or less. 
Based on the Chi-Square measures, it was determined that native vegetation, 
CSR and slope aspect would be removed from the model variables. They were all 
far above the accepted level of 0.05 p-value. The following variables all rejected the 
null hypothesis and were determined to have some effect on the location of sites, so 
they were used in one or more of the models. 
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Variables that rejected the null hypothesis and were determined to have an 
effect on the location of Great Oasis sites. The variables accepted for the modeling 
were landscape position, proximity to water, drainage class, parent material and 
GLO historic vegetation. Following are descriptions of each of the variables 
originally tested as being predicatively powerful and how they related to 
archaeological sites. 
Landform Region and Landscape Position 
Great Oasis sites in Iowa are found in four of the seven major topographic 
landform regions of Iowa defined by Prior (1991) (Figure 4.3). These include the 
Northwest Iowa Plains, the Des Moines Lobe, the Loess Hills and the Southern Iowa 
Drift Plain. Each of these landform regions are differentiated from the other by 
distinct landscape forms, created during different glacial periods. The regions have 
diverse stream erosion activity that created different landscape patterns across the 
state (Prior 1991). 
The Des Moines Lobe represents the last major glacial episode in Iowa 
between 12,000 and 14,000 years ago that moved through North Dakota, South 
Dakota and Minnesota into Iowa ending at what is now the City of Des Moines (Prior 
1991:36-47). The area is covered with a pattern of connected potholes and prairie 
lakes formed by the glacial melting 13,000 years ago (Prior 1991). Landform 
patterns on the Des Moines Lobe show four moraine formations as concentric bands 
illustrating the various advancements and melting episodes of the ice sheets through 
Iowa (Prior 1991:39; Ruhe 1969). The moraines are obvious as various deposits of 
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Figure 4.3. Map of Iowa showing landform regions and Great Oasis sites, revised 
from Prior (1991:31). 
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glacial till, which is sediment ranging in size from boulders to small pebbles (Ruhe 
1969). The four moraine formations are called the Algona, Humboldt, Altamont, and 
Bemis (Ruhe 1969:55). The Algona moraine is important for prehistoric settlement 
patterns because the reach of the Des Moines Valley containing Great Oasis sites 
was formed during this period by discharging glacial meltwaters that cut a new 
channel for the river near the City of Des Moines (Benn and Bettis 1985). Since this 
time, down-cutting by the Des Moines River has continued to create the terrace 
sequence present along the river today (Benn and Bettis 1985). The Raccoon River, 
another important area for Great Oasis sites, was also formed during the Des 
Moines Lobe advancement (Prior 1991:37). 
The Southern Iowa Drift Plain is the largest landform region in Iowa. It was 
originally formed by glaciers between 2.2 million years ago and 300,000 years ago 
(Prior 1991:64-65). This region is covered with steeply rolling hills and valleys 
shaped by erosion (Prior 1991). The landscape region is also covered with 
windblown loess between five and 30 feet deep (Prior 1991:61). Erosion in the 
Southern Iowa Drift Plain has created topographic differences across the region from 
a more level terrain in the east to steep, hilly terrain towards the west (Prior 1991). 
The Loess Hills are a narrow band of wind deposited, gritty yellowish to 
grayish tan sediment along the western edge of Iowa (Prior 1991). Loess deposits 
were caused by Pleistocene glacial activity when windblown silts were deposited 
along the Missouri Valley and continued to blow downwind toward the Mississippi 
Valley (Prior 1991). The topography of the Loess Hills is influenced by the highly 
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erodible nature of loess producing ahigh-relief terrain through wind and stream 
erosion (Prior 1991:52). 
Though landform had an important effect on the environmental conditions of 
Iowa, thus directly impacting the prehistoric peoples, it was determined that 
regionally it was not powerful enough to use as a variable for site prediction. This is 
because the landform regions are extremely large and do not vary between known 
sites and non-sites. The various landscapes produced by the variation in landform 
region was more of a direct influence on site location and was used in the modeling 
process. 
Data on Landscape position derived taken from the ISPAI D soil survey data 
sets. The legend on Table 4.4 consists of a number of classes: loess covered high 
benches, concave depressions, upland drainageways, alluvial fans, glacial lakes, 
upland swales, summits, stream terraces, sideslopes/backslopes, high benches, and 
floodplain. Scores were assigned with the highest probability areas assigned a 5 
and the lowest probability areas assigned a 1 (Table 4.4). 
Proximity to Water 
Proximity to water has been shown to be extremely important to the choice of 
site location (Kvamme 1992; Tiffany and Abbott 1982; Schermer and Tiffany 1985). 
Water would need to be within a reasonable distance to site location for easy 
access. Proximity to the nearest water source was determined by using the ArcView 
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from the nearest water source. The grid theme was limited to 1,000 meters of 
streams and rivers based on descriptive modeling of known sites. All the area 
beyond this 1,000 meter buffer was assigned a zero because of the low site potential 
at this distance from water sources. This theme provided values for all the known 
and random points for the model analysis (Table 4.5). 
Soil Drainage Class 
Soil drainage class was taken from the ISPAID data set. Soil drainage class 
(Table 4.6) is determined by the frequency and duration of periods of saturation 
during the process of the soil formation (Soil Survey Division Staff 1993:98). 
Drainage is determined by a rating score ranging from very poor to excessive. Well 
drained soils have water available to plants throughout the year without being too 
moist, while poorly drained soils remove water slowly restricting the growth of many 
crops {Soil Survey Division Staff 1993:98-99). According to many site records from 
Great Oasis sites, the soils are most commonly in areas of well drained types 
(Osborn and Gradwohl 1982; Wirth 1999). The legend in the dataset included 
excessive, somewhat excessive, well, moderately well, somewhat poor, poor, and 
very poor. These attributes were assigned 5 for well drained soils to 1 for very 
poorly drained soils (Table 4.6). 
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Parent Material 
Parent material is the organic and mineral materials from which soils form 
(Soil Survey Division Staff 1993). This material is determined by careful examination 
of the properties of the materials associated with a specific area (Soil Survey 
Division Staff 1993:73). Influences consist of geologic materials such as alluvium, 
loess deposits, glacial till, and deposits of organic material in wet places known as 
peat (Soil Survey Division 1993). 
Table 4.5. Proximity to water frequencies. 
Distance to Unknown Known 
Water in Sites Percent Sites Percent Ranking 
Meters  Frequency  Frequency 
0-100 19 15% 29 45% 5 
101-200 11 8% 19 29% 4 
201-300 21 16% 8 12% 3 
301-400 13 10% 1 2% 1 
401-500 8 6% 3 5% 2 
501-600 10 8% 2 3% 1 
601-700 12 9% 1 2% 1 
701-800 7 5% 0 0% 0 
801-900 4 3% 0 0% 0 
901-1000 8 6% 1 2% 1 
1001-1100 2 2% 1 2% 1 
1101-1200 1 1 % 0 0% 0 
1201-1300 2 2% 0 0% 0 
1301-1400 6 5% 0 0% 0 
1401-1500 0 0% 0 0% 0 
1501-1600 2 2% 0 0% 0 
1601-1700 1 1 % 0 0% 0 
1701-1800 1 1% 0 0% 0 
1801-1900 1 1% 0 0% 0 
1901-2000 1 1 % 0 0% 0 
TOTAL 130 100% 65 100% 
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All of these materials and processes form various types of soil. These types would 
have been extremely important to prehistoric peoples, particularly if the people were 
more sedentary and reliant upon agriculture as the archaeological evidence 
suggests (Lensink and Tiffany 1999; Wirth 1999). 
Table 4.6. Soil drainage classes 
Unknown Known 
Drainage Class Site Percent Site Percent Rank 
Frequency Frequency 
Unknown 0% 1 2% 
Excessive 1 1 % 0% 
Excessive-somewhat o 0 
excessive 2 2 /0 0 /o 
Moderately well 9 7% 29 45% 5 
Moderately well 0 0 
somewhat poor 2 2 /0 1 2 /o 
Poor 25 19% 2 3% 2 
Very poor 1 1 % 0% 
Somewhat excessive 2 2% 0% 
Somewhat poor 12 9% 2 3% 2 
Very poor 2 2% 0% 
Well 70 54% 23 36% 4 
Well moderately well 4 3% 6 9% 3 
Total 130 100% 64 100% 
Government Land Office (GLO) Historic Vegetation 
The GLO vegetation data were originally collected for Iowa by the land survey 
by 187 deputy surveyors befinreen 1832 and 1859 (P. Anderson 1994). The maps 
and notes from these surveys were digitized for Iowa by the Iowa State University 
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GLO Project. The theme shows the vegetation current at the time of the surveys, 
and may not represent the vegetation cover at the time of prehistoric occupation. 
Table 4.7. GLO historic vegetation types 
Vege type Unknown Sites Frequency Percent 
Known Sites 
Frequency Percent Rank 
Field 0% 1 2% 2 
Grove 0% 1 2% 2 
Oak barrens 0% 1 2% 2 
Prairie 119 92% 37 57% 5 
Timber 11 8% 22 34% 4 
Timber Scatterings 0% 2 3% 3 
Windfall 0% 1 2% 2 
Grand Total 130 100% 65 100% 
Also, as with much survey research, the survey was conducted on section corners 
and quarter corners focusing the detail and reliability of the data along the section 
lines, and making the interior data less reliable. This is because the data is 
dependent on the surveyor's ability to describe what they saw on any given day. 
However, it is one of two data sources available for historic vegetation and was used 
on the assumption that changes in vegetation from 1000 AD to the 1850's have 
been minimal (P. Anderson 1994; Wendland 1978). Timber and prairie had the 
highest percent frequency of known sites in their areas and were assigned scores of 




The flooding frequency (ISPAID manual) is the occurrence of water cover a 
specific area has from either overflowing stream or runoff from slopes (Table 4.8). It 
is thought that sites would have been chosen for their likelihood of being in areas 
with low flood potential. Those with the least amount of flood likelihood were 
assigned a 5 while those with frequent flooding were assigned a 1 (Table 4.8). 
Table 4.8. Flood frequency of soils 
FLOODFRQ Unknown Site Frequency Percent 
Known Site 
Frequency Percent 
- 0% 2 4% 
COMMON 6 5% 4 6% 
FREQ 1 1 % 0% 
NONE 102 78% 38 58% 
OCCAS 5 4% 8 12% 
PONDED 3 2% 0% 
RARE 13 10% 13 20% 
TOTAL 130 100% 65 100% 
Slope 
Elevation, slope steepness, and slope aspect all represent a spatial location 
of the site. In many areas, elevation is used to determine the roughness of the 
terrain around an archaeological site and would be useful in GIS site catchement 
analysis (Benton 2001). However, absolute elevation (Table 4.9) generally has little 
direct correlation with sites in Iowa and does not relate directly to terraces or 
landforms, because the same geological terracing may be at different elevations. 
Slope represents the steepness of ground in the areas and is represented as grade 
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measurements in degrees derived from the DEM in ArcView (Table 4.9). Studies 
have shown that people tend to place themselves in areas that have a more level 
surface thus making steep graded areas less probable for archaeological sites 
(Kvamme 1992). Future studies may study the elevation of a known site relative to 
the nearest water source as a predictor of location. 
Slope aspect is the orientation or direction in relation to the cardinal 
directions. It has been shown to be important that sites face the south in order to 
absorb warmth from the sun (Kvamme 1992). The measurements of slope aspect 
are in degrees along the compass scale. Benton (2001) chose not to use slope 
because it was considered obvious that archaeological sites would not be located on 
Table 4.9. Slope steepness 
Slope in Unknown Sites 
Degrees Frequency Percent 
Known Sites 
Frequency Percent 
0-10 85 65% 38 59% 
11-20 31 24% 13 20% 
21-30 12 9% 9 14% 
31-40 2 2% 3 5% 
41-50 0 0% 0 0% 
51-60 0 0% 0 0% 
61-70 0 0% 1 2% 
71-80 0 0% 0 0% 
81-90 0 0% 0 0% 
TOTAL 130 100 % 64 100 
sloping areas. This study did not use slope steepness, slope aspect or elevation 
because they were not significant for this modeling Great Oasis sites based upon 
literature and the Chi-Square analysis. 
64 
Corn Suitability Rating 
In generating suitability ratings rate the degree of suitability for specific uses 
based upon characteristics of the soil that influence the adaptability of that soil for a 
specific use (Soil Survey Division Staff 1993:286). Corn Suitability Rating (CSR) 
provides a relative ranking for all soils in Iowa based on their potential for row crop 
production (ISPAID Manual; Soil Survey Division Staff 1993). Soils with a high 
potential for good crops are rated 100 and soils with little or no value are rated 5. 
This was added to the modeling database because it seemed appropriate for 
prediction of a group who may have been actively cultivating corn or other plants 
(Lensink and Tiffany 1999). Table 4.3 shows the high p-value and poor Chi-Square 
value causing CSR to be removed as a modeling variable. 
After the variables were selected, three models were developed using the 
variables as predictors. All of the variables were then assigned a weight from 1 to 5 
(Tables 5.1, 5.2, 5.3) based on literature and the general consensus concerning the 
predictive power they would have in respect to location behavior similar to the rating 
systems used by P. Anderson (1996) and Kvamme (1992). A weight of 1 was 
assigned the variables with the lowest potential and 5 for variables with the highest 
potential and then were assigned a multiplier based on their ranking within the 
various models. The calculation of composite cell scores was made in ArcView 
using the Map Calculator function. Composite cell scores were calculated by 
multiplying the weight for each variable by the rank of the attribute within the 
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variable. The resultant composite cell scores were analyzed with aChi-Square test 
to determine the cut point score and statistical significance. 
Chapter Summary 
Chapter 4 presented the methodology for creating the descriptive and 
predictive models in this study. Six steps were described for developing Great Oasis 
predictive models. These included a definition of the problem, examination of a 
process, development of implications, evaluation of the implications, model 
simplification, and finally to search for generality. 
The theory section of this chapter outlined the study design that was used to 
analyze the data discussed in chapter 2. Definitions were presented for raster and 
vector formats of GIS data sets and how they have been used in other studies. 
The chapter continued by explaining the sources of GIS data. Detailed 
explanations described the steps taken to prepare and derive additional coverages 
from the original data sources. The datasets included hydrology, Digital Elevation 
Models, soil survey maps, landform regions, GLO historic vegetation, topographic 
maps, and Great Oasis sites. 
Next, a distinction was made between sites classified with a Great Oasis 
component. Other variables were chosen according to patterns in previous research 
for predictive models and for other literature concerning Great Oasis. The final 
section of the chapter examined each variable to determine if it would meet the Chi-
Square values for significance and if the variable made sense in a predictive model 
according to the previous research in the field and outlined earlier in the chapter. 
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Variables such as landscape region, Corn Suitability Rating, elevation, slope 
steepness, and slope aspect were all removed from the final models, while 
landscape position, proximity to water, soil drainage class, parent material, and flood 
frequency were all weighted for modeling. Finally, the database was prepared for 
use in the analysis in Chapter 5. 
67 
CHAPTER 5: ANALYSIS OF THE DATA 
Chapter 4 described the methodological for selecting variables and methods 
for preparing the data from these variables for analysis. Chapter 5 describes the 
analysis of the data proceeding step by step through creation of three predictive 
models in ArcView using the attributes from the known sites and random sample of 
non-sites. Three models were developed using the modeling process developed by 
Kvamme (1992) and used by others for archaeological predictive modeling (P. 
Anderson 1996, 1999; Benton 2001; Carmichael 1990; Parrish 1998). 
1 n descriptive modeling, the process began by weighting the variables based 
on their Chi-Square measures. Additional information for weighting variables was 
taken from previous predictive modeling research as well as from a review of the 
literature to determine what is currently known about prehistoric site location. In 
predictive modeling, the weights were applied to the specific variable using 
ArcView's Map Calculator in the Spatial Analyst function. The Map Calculator was 
then used to generate a grid theme with cells weighted according to the formula 
used to weight the variables at each 30 meter grid cell location. The Map Calculator 
formula (P. Anderson 1999) was: 
CS = (C~ *M ~)+(C2*M2)+... +(Cn*Mn) 
Where: C~=Coverage Attribute Rank 
M~=Weight Multiplier 
CS=Composite cell score 
With this formula, the Map Calculator function calculated a value (composite 
cell score) for each grid cell from the various themes and showed the high and low 
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probability areas based upon the characteristics used for the modeling. The scores 
for the known sites and the non-sites were compared to determine the effectiveness 
of the model. Frequency counts for the known sites and non-sites were computed to 
show the statistical distribution of cell scores. The cumulative percent were 
calculated for each score, and the percent classified correctly were calculated. This 
allowed a calculation of the improvement over chance for the model and ultimately 
showed the predictive power of each model. The improvement over chance was 
determined by analyzing the cutpoint score that shows the point at which there is the 
highest amount of correctly classified sites and non-sites (P. Anderson 1996, 1999; 
Benton 2001; Carmichael 1990; Kvamme 1985, 1992; Wood 1990b). 
The cutpoint is the cell score at which the decision is made to determine if a 
point will be correctly assigned with high site potential or low site potential (P. 
Anderson 1999, Kvamme 1992). This is determined statistically by the maximum 
percent of correctly predicted known sites. In the modeling process, the likelihood of 
high potential or low potential could be analyzed (P. Anderson 1996). 
The following pages show the steps and data analysis used for each model. 
The models were developed by assigning a weight to each variable based on its 
Chi-Square measure. The first model used variables that were first evaluated using 
Chi-Square analysis. The other variables had not yet been analyzed and were not 
included until the second and third models were developed. After the first model 




The first model was developed using three variables that produced the 
highest Chi-Square values from the original set of variables prepared in the GIS. 
High Chi-Square values resulted from variables that had vastly different statistical 
distributions between known sites versus randomly selected non-sites (Table 4.3). 
The three variables with the highest Chi-Square values were landscape position, 
distance to water, and GLO historic vegetation. Each variable in the model was 
weighted based on its Chi-Square values. The next step was to rank the attributes 
within each variable. Attributes with the highest potential for archaeological sites 
were assigned a rank of four and those with the lowest potential were assigned a 
rank of 2 (Table 5.1). The rankings were assigned based on descriptive models, 
predictive models created by others, as well as literature about common attributes of 
Great Oasis sites (Broihahn 1984, 1997; Doershuk and Finney 1996; Gradwohl 
1974; Osborn and Gradwohl 1976; Wirth 1999). 
The rank for each attribute was then entered using the ArcView Map Query 
and Create Grid Theme functions to create weighted grid themes for each variable. 
The grid themes contained 30 x 30 meter cells with the assigned rankings for each 
variable. The Map Calculator function in Spatial Analyst was then used to calculate 
the values for a new grid theme that would include all three of the variables created 
for Model 1 (Figure 5.1). The formula for Model 1 follows: 
(Landscape Position * 4)+(Distance to Water * 3)+(GLO Vegetation * 2) =Composite 
Cell Score 
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Table 5.1. Chi-Square analysis and weight for Model 1 variables 
Variable Chi-square df Significance Score Range Weight 
Landscape position 63.749 15 p<0.00005 0 to 5 4 
Distance to water 46.97 1 p<0.00005 0 to 5 3 
GLO historic vegetation 35.306 6 p<0.00005 0 to 5 2 
The composite cell score computed for every cell in the new grid theme 
represented the potential for a Great Oasis site within each cell based upon Model 1. 
The composite cell score ranged from 0 for an extremely low potential to 45 for a 
high potential as a Great Oasis site. Figures 5.1, 5.2 and 5.3 show the Model 1 grid 
themes for the three localities. The Get Grid Value extension was used to add the 
composite cell score from the Model 1 grid theme to the attribute tables for two point 
themes the point themes for known Great Oasis sites and to the point theme for the 
randomly selected sites. These attribute tables were exported to Microsoft Excel 
and SPSS for analysis of predictability potential. 
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Figure 5.1. Model 1 cell scores for the Sioux City locality in Plymouth County. 
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Figure 5.3. Model 1 cell scores for the Lower Raccoon locality in Dallas and Polk 
Counties. 
74 
Composite cell scores for both known sites and non-sites were analyzed to 
interpret how well the model identified known locations. It was expected that the 
known sites would have cell scores higher than those for the non-sites. Frequencies 
for the composite cell scores for sites and non-sites were graphed to show how the 
scores were distributed (Figure 5.4). The general trend for sites and non-sites 
displays the expected frequencies. The non-sites have an extremely high 
percentage of low scores shown by the spike over 25% at a score of two. The 
known sites also have high scores with spikes above 10% at scores of 30 and 45. 
The known sites also tend to have higher frequencies at the higher score levels. 
The next step was to calculate the cumulative percent of the scores for the 
known sites and non-sites (Figure 5.5). The cumulative percent scores showed the 
percent of sites and non-sites correctly classified by this model in an array from 
lowest cutpoint to the highest possible cutpoint. The percent correctly classified was 
determined by using the percentage values from the cumulative percent scores. 
The cumulative frequency values from the non-sites were subtracted from 1 to 
determine the percent correctly classified. This created a new curve that is the 
inverse of the original percentage value (Figure 5.6). The new curve crosses the 
curve for known sites at a point at or near the most appropriate cutpoint. The 
cutpoint score is the score at which the percent correctly classified is maximized (P. 
Anderson 1995; Kvamme 1992). 
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Figure 5.5. Model 1 cumulative percent of cell scores. 
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Figure 5.6. Percent correctly classified in Model 1. 
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With the cutpoint identified, the analysis continued, using the logistic 
regression to be applied to the scores split at the cutpoint. In order to find the 
optimum point, both the percent of known sites correctly classified and the percent of 
non-sites correctly classified were combined at each potential cutpoint score to show 
the percent improvement each cutpoint will have over chance (Figure 5.7) (P. 
Anderson 1996; Benton 2001; Kvamme 1992; Warren 1990b). 
For Model 1, the optimum cutpoint score was determined to be 33 where the 
graph of percent improvement peaked at the highest point (Figure 5.7). At the 
cutpoint of 33, the improvement of Model 1 over chance is 43%. This score tells us 
that Model 1 is 74% accurate at classifying the known sites as high potential 
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locations and 69 %accurate at classifying the non-sites at the cutpoint score of 33. 
The complete cutpoint list and percentage improvement can be found in Appendix C. 
The scores for improvement over chance were calculated by subtracting the 
incorrectly classified non-sites from the correctly classified known sites (P. Anderson 
1996:24). For a cutpoint of 33 the calculation would be as follows: 74%-31 % = 43% 
improvement over chance. Using Model 1 to predict the location of Great Oasis 
sites would result in a 43% improvement over selecting potential site locations by 
chance. 
Figure 5.7. Percent improvement of known sites for Model 1 over chance 
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Model 2 
The second model was developed using two new variables that were different 
from Model 1. The new variables were derived from interpretations in the soil 
lSPAID datasets. The variables selected for this model were: distance to water, soil 
drainage class, and soil parent material. They were selected based on their Chi-
Square values developed from descriptive modeling shown in Table 4.3. The 
variables were weighted based on their percent of correctly classified known values. 
This weight was determined during the original logistic regression and was the 
percent correctly classified from the observed and predicted values of each variable. 
The next step was to rank the attributes for each variable. The variable having the 
highest percent correctly classified for archaeological sites was assigned a weight of 
4, and the variable with the lowest correctly classified was assigned a weight of 2 
(Table 5.2). The weights were based on predictive models created by others, and 
literature about common attributes of Great Oasis sites (Broihahn 1984, 1997; 
Doershuk and Finney 1996; Gradwohl 1974; Osborn and Gradwohl 1976; Wirth 
1999). 
New scores and weights were then calculated in ArcView with the Map Query 
and Create Grid Theme functions to create weighted grid themes for each variable. 
The grid themes contained 30 x 30 meter cells containing the assigned rankings for 
each calculation. The Map Calculator function in Spatial Analyst was then used to 
calculate the composite cell scores for a new grid theme that would include all three 
of the variables created for Model 2. These grid themes are illustrated in Figures 
5.8, 5.9 and 5.10. The formula for Model 2 follows: 
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(Distance to Water * 4)+(Drainage Class * 3)+(Parent Material * 2) =Composite Cell 
Score 
Table 5.2. Chi-Square analysis and weight for Model 2 variables. 
. Chi-. Percent Site . . Score Variable . . squar df Significance Weight Predictability Range e 
Ovate r 
Drainage class 56.92% 54.02 10 p<0.00005 0 to 5 3 
Distance to ° ~ 63.08 /0 46.97 1 p 0.00005 0 to 5 4 
Parent material 46.15% 81.25 15 p<0.00005 0 to 5 2 
The composite cell score computed for every cell in the new grid theme 
represented the potential for a Great Oasis site within each cell based upon Model 2. 
The composite cell score ranged from 0 for extremely low potential, to 45 for high 
potential, for a Great Oasis site. The Get Grid Value extension was used to add the 
composite cell scores from the Model 2 grid theme to the attribute tables for two 
point themes: the point theme for known Great Oasis sites and to the point theme for 
the randomly selected sites. These attribute tables were exported to SPSS for 
analysis of predictability potential. 
Composite cell scores for both known sites and non-sites were analyzed to 
interpret how well the new model identified known locations. As with the cell score 
values from Model 1, it was expected that the known sites would generally have cell 
scores higher than those for the non-sites. Frequencies for the composite cell 
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scores were graphed to show how the scores were distributed (Figure 5.11). This 
model followed the scores of Model 1 with known site and non-site scores falling into 
the expected frequencies. The non-sites have an extremely high percentage of low 
scores shown by the spike over 30% at a score of two. The known sites also have 
high scores with spikes above 10% at scores of 37 and 44. The known sites also 
tend to have higher frequencies at the higher score levels. 
The next step was to calculate the cumulative percent of the scores for the 
known sites and non-sites (Figure 5.12). Cumulative percent scores were calculated 
to determine the percent of sites and non-sites correctly classified by this model. 
The percent correctly classified was calculated by using the percentage vales from 
the cumulative percent scores. The frequency values from the non-sites are 
subtracted from 1 to determine the percent correctly classified. This creates a new 
curve representing the inverse of the original percentage value (Figure 5.13). 
In order to find the optimum cutpoint, both the percent of known sites correctly 
classified and the percent of non-sites correctly classified were compared at each 
potential cutpoint score to show the percent improvement each cutpoint will have 
over chance (Figure 5.14) (P. Anderson 1996; Benton 2001; Kvamme 1992; Wood 
1990b). 
For Model 2, the optimum cutpoint score was determined to be 27 where the 
graph peaked to the highest percent improvement (Figure 5.14). At the cutpoint of 
27 the improvement of Model 2 over chance is 59%. The complete table for cutpoint 
scores and percent improvement is in Appendix C. These scores tel! us that Model 
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Figure 5.8. Model 2 cell scores for the Sioux City locality in Plymouth County. 
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Figure 5.9. Model 2 cell scores for the Central Des Moines locality in Boone and 
Webster Counties. 
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Figure 5.10. Model 2 cell scores for the Lower Raccoon locality in Dallas and Polk 
Counties. 
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2 is 73% accurate for known sites and 86% accurate for non-sites. The scores for 
improvement over chance were calculated by subtracting the incorrectly classified 
non-sites from the correctly classified known sites (P. Anderson 1996:24). For a 
cutpoint of 27 the formula would be as follows: 73%-14% = 59% improvement over 
chance. 
Using Model 2 to predict the location of Great Oasis sites would result in a 
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Figure 5.13. Percent correctly classified in Model 2. 
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Figure 5.14. Percent improvement of known sites for Model 2 over chance. 
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Model 3 
The third model brought together all of the variables used for creating the first 
two models. Previous research has demonstrated that the more variables used in a 
predictive model the higher the power of the model (P. Anderson 1999; Kvamme 
1992; Warren 1990a, 1990b). This model included five variables landscape position, 
distance to water, soil drainage class, soil parent material, and GLO historic 
vegetation . 
These variables were selected based on their Chi-Square values relative to 
each other (Table 4.3). Next, values were assigned to the attributes within each 
variable, the highest potential attributes for archaeological sites were given a rank of 
5, and lowest potential, a rank of 1 (Table 5.3). Using the same criteria as the first 
two models these rankings were created based on previous predictive models and 
the Great Oasis literature review (Broihahn 1984, 1997; Doershuk and Finney 1996; 
Gradwohl 1974; Osborn and Gradwohl 1976; Wirth 1999). 
The ranks for each attribute were then entered using the ArcView Map Query 
and Create Grid Theme functions creating grid themes which were weighted for 
each variable. The grid themes are shown in Figures 5.15, 5.16 and 5.17. These 
grid themes contained 30 x 30 meter cells with the calculated values for each 
variable. The Map Calculator function in Spatial Analyst was then used to calculate 
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Figure 5.15. Model 3 cell scores for the Sioux City locality in Plymouth County. 
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Figure 5.17. Model 3 cell scores for the Lower Raccoon locality in Dallas and Polk 
Counties. 
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the scores for a new grid theme that would include all five of the variables created 
for Model 3. The formula for Model 3 follows: 
(Landscape Position * 5)+(Distance to Water * 4)+(Drainage Class * 3)+(Parent 
Material * 2)+(GLO Vegetation * 1) =Composite Cell Score 
The composite cell score computed for every cell in the new grid theme 
represented the potential for a Great Oasis site within each cell based upon Model 3. 
The composite cell score ranged from 0 for extremely low potential, to 75 
representing a high potential for a Great Oasis site. The Get Grid Value extension 
was used to add the composite cell score from the Model 3 grid theme to the 
attribute tables for two point themes: the point theme for the known Great Oasis 
sites, and to the point theme for the randomly selected sites. These attribute tables 
were exported to SPSS for analysis of predictability potential. 
Table 5.3. Chi-Square analysis and weight for Model 3 variables. 
Variable Chi-Square df Significance Score Range Weight 
Landscape Position 
Distance to Water 
Drainage Class 
Parent Material 
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The composite cell scores were analyzed to interpret how well the model 
























1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 
Cell Score 
-t KnOWn SIteS 
f Non-sites 





















0°r6 I I I I I I I I I I T I I I I r T T T T I I f I I 1 1 1 I 1 
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 
Cell Score 





























0% r r Tr, rT . r . ~ ~ ~ ~ , 
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 
Cell Score 
Figure 5.20. Percent correctly classified in Model 3. 
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have cell scores substantially higher than the non-sites. Frequencies for the 
composite cell scores for sites and non-sites were graphed to show the score 
distribution (Figure 5.18). The general trend for sites and non-sites in Model 3 also 
displayed the expected frequencies. The non-sites have an extremely high 
percentage of low scores shown by the spike over 20% at a score of two. The 
known sites also have high scores with a spike above 10% at a score of 67. The 
known sites also tend to have higher frequencies between scores of 53 and 75, 
while the non-sites have higher frequencies between 9 and 51 separating them to 
the lower scores of the model. 
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The next step was to calculate the cumulative percent of the scores for the 
known sites and non-sites (Figure 5.19). To understand the predictive power of 
Model 3, the cumulative percent scores were used to determine the percent of sites 
and non-sites correctly classified by this model. The percent correctly classified was 
calculated using the percentage values from the cumulative percent scores. The 
frequency values from the non-sites are subtracted from 1 to determine the percent 
correctly classified (Figure 5.20).The cutpoint score is the score at which the percent 
of known sites correctly classified is maximized for Model 3 (P. Anderson 1995; 
Kvamme 1992). 
This analysis of the scores allows for the logistic approach to be applied to 
the scores, split by the cutpoint. In order to find the optimum cutpoint, both the 
percent of known sites correctly classified and the percent of non-sites correctly 
classified were compared at each potential cutpoint score to show the percent 
improvement each cutpoint will have over chance (Figure 5.21) (P. Anderson 1996; 
Benton 2001; Kvamme 1992; Wood 1990b). 
For Model 3, the optimum cutpoint score was determined to be at a score of 
53 where the graph peaked to the highest percent improvement (Figure 5.21). At 
this cutpoint the improvement of Model 3 over chance is 53%. (Figure 5.21). These 
scores tell us that at 53 Model 3 is 79% accurate for known sites and 74% accurate 
for non-sites. The scores for improvement over chance are figured by subtracting 
the incorrectly classified non-sites from the correctly classified known sites (P. 
Anderson 1996:24). For a cutpoint of 53 the formula would be as follows: 79%-26% 
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Figure 5.21. Percent improvement of known sites for Model 3 over chance. 
If this model were used to predict the location of archaeological sites, the 
result would be a 53 percent improvement over selecting potential site locations by 
chance. A complete table of the cutpoints and percent improvement is in 
Appendix C. 
Analysis Summary 
This section describes the findings from the three GIS predictive models 
presented above. The models were created for a sample of known Great Oasis 
sites and a random sample of non-sites using variables determined to have been 
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influential to site location based upon previous modeling and a review of literature 
concerning Great Oasis. Three models were developed with varying degrees of 
predictive power and improvement over chance (Table 5.4). It appears that the 
models calculated using logistic regression analysis have scores that would be 
useful for predicting location of additional Great Oasis sites. The models offer an 
improvement in the ability of researchers to locate Great Oasis sites and improves 
the likelihood of site location over chance. 
The first research question was designed to determine if current data sets 
and technologies could be used in the predictive modeling of Great Oasis 
archaeological sites. The models were developed through the use of previous 
predictive modeling research and a literature review. Data sets were assembled for 
the specific variables that were thought to have predictive power when associated 
with archaeological sites. The data were analyzed using ArcView 3.2 to interpret the 
data found in relationship to the specific sites being studied and a group of randomly 
selected non-sites from associated geographic regions. 
Table 5.4 Scores for the three models 
Model l Modell Model3 
Cutpoint Score 33 27 53 
Known Sites correctly classified as high potential 74% 73% 79% 
Non-sites correctly classified as high potential 69% 86% 74% 
Improvement over chance 43% 59% 53% 
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The GIS datasets were then subjected to two types of weighting, based upon 
probability that they would contain an archaeological site. The output from these 
calculations in ArcView were analyzed to determine if the variables were showing 
any relationship between the known sites and the environment. 
All three of the models for this project appear to be useful tools for predicting 
locations that have the highest probability of predicting Great CJasis sites. Prediction 
values for all models offers a 43% or greater improvement over chance of locating 
Great Oasis sites. Models 2 and 3 offer the highest improvement with scores of 
59% and 53% respectively (Table 5.4). Models created for the Raccoon River 
Greenbelt project by P. Anderson (1996), were considered useful with improvement 
scores of over 40%, this would suggest all the models from this study are helpful. Of 
the three models developed by this study, the predictive model with the greatest 
improvement over chance appears to be Model 2 with a 59% improvement over 
chance (Table 5.4). 
Another expression of improvement over chance uses the "odds" of the 
success or failure terminology. In statistical terms, this is the probability of the 
occurrence of an event, represented by p, versus the probability of non-occurrence, 
represented by q (Spiegel 1961:99). Spiegel (1961:99) summarized odds by 
observing that the probability of an event occurring is a number between 0 and 1. If 
it is certain that the event does not or cannot occur the probability is 0 or 0%, while a 
certain occurrence has a probability of 1 or 100%. Probability of odds in favor of the 
occurrence of an event is written as p:q and stated "p to q" Model 1 has a 43% 
improvement over chance and correctly identified known sites 74% of the time. The 
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odds of locating a site using Model 1 are 74:26 or approximately 3 to 1 in favor of 
locating a site. Model 2 has a 59% improvement over chance and correctly 
classified sites 73% of the time. The odds of locating a site using Model 2 are 73:27 
or approximately 3 to 1 if favor of locating a site. Model 3 has a 53% improvement 
over chance and correctly classified 79% of the known sites. Model 3 has odds of 
locating a site that are 3 to 1 in favor of locating a site. 
P. Anderson (1999) used a composite map to illustrate the intersection of 
models comparing the high and low potential agreement between the models. The 
intersection of the model maps significantly reduced the amount of area in his study 
showing the highest potential locations (P. Anderson 1999:36). This study utilized 
the composite map comparison to illustrate the high and low potential areas more 
dramatically. The models were reclassified from the original composite cell scores 
of 0 to 45 and 0 to 75, to a new score of 0, representing low site potential areas, and 
1 representing high site potential areas. The classification of each cell to 0 or 1 was 
determined by the cutpoint score for each model, with the cutpoint score included 
with the high potential scores (Table 5.4). 
Model 1 scores were reclassified from 0 to 32 as low potential for containing a 
Great Oasis site and 33 to 45 as high potential for containing a site (Figures 5.22, 
5.23, 5.24). Model 2 scores were reclassified from 0 to 26 as low potential for 
containing a Great Oasis site and 27 to 45 as high potential areas for containing a 
site (Figure 5.25, 5.26, 5.27). Model 3 scores were reclassified from 0 to 52 as low 
potential for containing a site 53 to 75 as high potential areas for containing a Great 
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Figure 5.22. Reclassification of Map Calculation Model 1 Plymouth County. 
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Figure 5.23. Reclassification of Map Calculation Model 1 Boone and Webster 
Counties. 
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Figure 5.24. Reclassification of Map Calculation Model 1 Dallas and Polk Counties. 
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Figure 5.25. Reclassification of Map Calculation Model 2 Plymouth County. 
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Figure 5.26. Reclassification of Map Calculation Model 2 Boone and Webster 
Counties. 
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Figure 5.27. Reclassification of Map Calculation Model 2 Dallas and Polk Counties. 
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Figure 5.28. Reclassification of Map Calculation Model 3 Plymouth County. 
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Figure 5.29. Reclassification of Map Calculation Model 3 Boone and Webster 
Counties. 
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Figure 5.30. Reclassification of Map Calculation Model 3 Dallas and Polk Counties. 
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Oasis site (Figure 5.28, 5.29, 5.30). The new reclassified maps were intersected in 
ArcView using the Map Calculator function. The formula for this intersection was: 
Reclass of Map Calculation Model 1 +Reclass of Map Calculation Model 2 + 
Reclass of Map Calculation Model 3 
This calculation created a map coverage with a minimum intersection score of 0 for 
low site potential, and 3 for a high site potential (Figures 4.31, 4.32, 4.33). Scores of 
1 and 2 were present in the calculation. A score of 1 is determined to be low to 
moderate site potential and a score of 2 is moderate to high site potential. The 
spatial intersection of the models is helpful in further focusing the models. In most 
cases the intersection reduced the amount of locations classified as high potential 
and could be advantageous for Cultural Resource Management projects that cover 
large amounts of space and have limited time and resources. 
The modeling process and the intersection of models does not suggest with 
certainty that a site will be in the high potential areas. P. Anderson's (1999:38) study 
projected high potential areas that had been systematically surveyed and did not 
contain sites. Field tests of models would help validate the results and help refine 
the modeling process to improve accuracy. This supports the original research 









I\I a t~ ata 
_r Great Oasis Sites 
12 Kilometers 
Figure 5.31. Model Intersection Plymouth County. 
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Figure 5.33. Model Intersection Dallas and Polk Counties. 
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Chapter Summary 
Chapter 5 describes the implementation of the methodology outlined in 
Chapter 4 applied to the GIS datasets for predictive modeling analysis. This chapter 
began with background on the use of ArcView Map Calculator and the formula 
necessary for creating a new grid theme with the appropriate cell scores for the 
models. This was used to show how previous research had analyzed their data to 
produce archaeological models. 
Model 1 was created using landscape position, distance to water and GLO 
historic vegetation for the variables, weighed from 4 to 2 respectively. This model 
produced an optimum cutpoint at a score of 32 with a 69% accuracy for scoring 
known sites. If this model is used in the field it would be expected to give a 43% 
improvement over chance and odds of 3 to 1 for predicting Great Oasis site location. 
Model 2 was created using distance to water, drainage class and parent 
material for its environmental variables. They were weighted the same as model 
one from 4 to 2 respectively. Model 2 had an optimum cutpoint of 27 with a 72% 
accuracy for predicting known sites. This would offer a 59% improvement over 
chance and odds of 3 to 1 for predicting Great Oasis site location. 
Finally Model 3 was created using the variables from Models 1 and 2. They 
were landscape position, distance to water, drainage class, parent material, and 
GLO historic vegetation. The variables were weighted from 5 to 1 respectively. 
Model three would offer 53% improvement over chance and odds of 3 to 1 for Great 
Oasis site location. 
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The three models were used to create a composite map to illustrate the 
intersection of the predicted high and low potential areas. This intersection 
illustrated the areas of agreement between the models and decreased the amount of 
area with high site potential. 
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CHAPTER 6: SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Summary 
This study has presented the steps necessary for organizing and building 
predictive models for Great Oasis as well as other prehistoric archaeological sites in 
Iowa. This research began with a review of the Great Oasis culture and the use of 
predictive modeling with GIS in archaeology. The Great Oasis was a group of semi-
sedentary people living in the four corners region of Iowa, Nebraska, South Dakota 
and Minnesota between AD 950 and 1100. Since their identification by Wilford 
(1954), there has been much debate surrounding their relationship with Woodland 
cultures, Mill Creek and the Initial Middle Missouri variant. They are identified 
primarily by their unique ceramics. The background information in Chapter 2 is key 
to the selection of sites with a Great Oasis component and illustrates the need for 
additional Great Oasis research such as this study. 
Predictive modeling in the field of archaeology has been growing and 
developing along with the advancements in computer technologies. Archaeological 
modeling requires a number of steps to collect, analyze and interpret predictive 
models. This process was framed within the six model-building steps suggested by 
Gibbon (1984). An important factor to predictive modeling is the use of logistic 
regression. Previous research has shown that logistic regression works well for 
determining locations within a research area that have high or low potential for 
containing archaeological sites. The modeling process with logistic regression can 
be another tool for deriving archaeological data about prehistoric settlement. 
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As with any research, several assumptions were made about the data and the 
analytic process. The first assumption was that the model will identify potential sites 
that are like the known sites that provided the data. Second, the Great Oasis sites 
used for the study are actually representative of typical Great Oasis sites. Third, all 
the data are weighed equally for each site and every site is as important as every 
other site. Fourth, was the current environmental data is representative of the 
prehistoric environmental conditions. Finally, the fifth assumption was that the 
random non-sites do not contain a Great Oasis site. 
A total of 65 archaeological sites identified as having a Great Oasis 
component by Lensink and Tiffany (1999, 2003), and 130 randomly selected non-
sites were modeled based on GIS data in the form of environmental variables and 
site location information collected in ArcView from the same geographic regions as 
the known sites. These non-sites provided a sample of environmental data that 
could be compared with the known site data to show correlations that might exist 
between environmental variables and known site locations but not for the non-site 
locations. The various data sets were collected and prepared for analysis using 
ArcView 3.2. ArcView allowed various spatial data to be represented graphically 
and spatially, allowing spatial analysis of specific locations and variables associated 
with the known sites and non-sites. The importance of environmental data was 
analyzed using a combination of literature review and statistical analysis. The 
literature provided the background for variables that would be most likely found at a 
Great Oasis site, and the Chi-Square analysis provided a means to assign a rank 
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and weight to the variables based on the relationship with the known sites and non-
sites. 
The most powerful site predictive variables were then used to create three 
predictive models for Great Oasis sites in Iowa. The variables chosen for Model 1 
were landscape position, distance to water, and GLO historic vegetation. The 
results of Model 1 created a 43% improvement over chance. Model 2 used three 
different variables from the first one, distance to water, drainage class, and soil 
parent material. These variables produced the highest improvement over chance of 
the three models at 59%. Finally the third model used a combination of all the 
variables from the first two models. These were landscape position, distance to 
water, drainage class, parent material and GLO historic vegetation. Unlike previous 
predictive models the addition of more variables in one model did not improve the 
improvement over chance of the model, instead it was slightly lower than Model 2. 
Model 3 did improve the percentage of correctly scored known sites. 
The next part of the modeling process was to simplify the models to 
graphically represent high and low potential areas with a 0 or 1. The graphical 
representation of the three different modes were then overlaid to produce one map 
showing the intersection of the models with the low potential areas assigned a value 
of 0 or 1 and the high potential areas scored from 2 to 3. The combination of the 
three models lowered the total amount of area allowing the results to be focused on 
the a high versus low dichotomy making it easier to determine instead of the 0 to 45 
or 75 range from the individual models. 
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If the model intersections were to be field tested throughout Iowa it should 
help identify additional Great Oasis sites that have not been recorded. This could be 
beneficial to Cultural resource Management projects by focusing more resources on 
high potential areas and less on the lower potential areas. Another implementation 
of this could be a comparison of the models with additional known sites that have not 
been identified as Great Oasis to look for Great Oasis ceramics that may have been 
overlooked. The entire archaeological community can benefit from modeling sites 
and increasing the understanding of Great Oasis and many other prehistoric 
cultures. This model was intended to focus on modeling only Great Oasis sites in 
Iowa, however many of the variables used in this study might be applicable to other 
semi-sedentary groups in the same region. It is possible that other groups were 
utilizing the same or very similar resources due to having the same basic needs for 
survival making the model applicable to them as well. If field tests were conducted, 
it is likely that additional prehistoric sites other than Great Oasis might be located. 
Conclusions 
Conclusions about the power of the three models can be based on the ability 
to answer the original research questions. The eight questions focused on the 
predictive modeling and the Great Oasis culture in Iowa. 
1. Do current technologies, recent environmental datasets, GIS software like 
ArcView 3.2, and computer processors, lend themselves to construction of predictive 
models for archaeological sites? 
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The answer is yes. The ever changing technology today is creating new 
avenues for data analysis. Predictive modeling in archaeology is one field that will 
continue to benefit and grow from this ongoing change. Software such as ESRI's 
ArcView take spatial analysis of sites with their environments from a slow time 
consuming process to a quick and accurate means of data analysis and preparation. 
The field of GIS is also advancing quickly and new datasets for 
archaeologists to use in their research are being created. These datasets are pre-
digitized saving time over much of the original GIS research which formerly required 
the researchers to digitize their own datasets. Within the past few years the Iowa 
Office of the State Archaeologist has digitized all the sites in Iowa creating a 
massive database that is readily available to archaeologists for analysis. Additional 
datasets for this study were quickly obtained from the Iowa Department of Natural 
Resources and from the Iowa State University Geographic Information Systems 
Support and Research Facility as well as other online sources. Data were 
downloaded in a matter of minutes and could be prepared for analysis almost 
immediately. 
The modeling of these sites was conducted on a Gateway Notebook, laptop 
computer, that was not only fast enough to compute most of the calculations quickly, 
but could easily be transported for analysis of the model in the field. As technology 
continues to advance and becomes better at handling large amounts of data, a 
notebook computer will be necessary field equipment so that modeling can be done 
in the field as surveys are being conducted, updating information and refining the 
results as they are determined. 
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The integration of GIS with GPS also maximizes the time spent in the field. 
The GIS can determine the highest potential areas and with real-time corrected GPS 
units, the locations can be quickly and accurately located for increased productivity 
in the field. 
2. Can generally accepted environmental factors be used to create predictive 
models, that are an improvement over random chance, for the location of Great 
Oasis archaeological sites? 
Yes, the models created for this study support the claim that predictive 
modeling is a significant improvement over chance. Each model's improvement 
over chance was calculated by subtracting the high potential classified non-sites 
from the high potential classified known sites. 
Model 1 was the weakest model with a 43% increase over chance, Model 3 
did second best with an improvement of 53%, and Model 2 was the strongest model 
projecting a 59% increase over chance. The ability to increase the chance of 
selecting areas with the highest potential for locating a site by as much as 58% is 
extremely important for archaeological research. This allows research to be 
conducted with improved confidence. The improvement over chance represents the 
model's ability to focus on the environmental patterns of prehistoric peoples. The 
patterns might be in the form of the environmental diversity of a site catchment 
analysis or the distribution of sites in settlement patterns. By understanding and 
recognizing the patterns present in the archaeological record, we are able to get a 
glimpse at some forces that may have been influencing prehistoric lives. 
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3. Will a predictive model for Great Oasis sites in Iowa accurately predict known 
sites, in a manner that is distinguishable from the randomly selected non-site 
locations? 
Yes, a major assumption of all predictive models is that they should be 
accurate at predicting the variables that were used to create the models. All of the 
models created during this study performed well at correctly classifying the known 
sites and the non-sites used in the creation of the models. Model 1 correctly 
classified 74% of the known sites and 69% of the non-sites. Model 2 correctly 
classified 72% of the known sites and had the highest non-site score of the three 
models at 86%. Model 3 was the best at correctly classifying the known sites at 
79%, and the non-sites for the third model were correctly classified 74% of the time. 
When the frequency tables are examined, the known sites and non-sites are 
noticeably different in their cell scores. The known sites do have higher percentages 
of higher scoring from the models while the non-sites score consistently higher in 
frequency in the lower cell score range. According to the formulas for model 
creation this is exactly the result that was expected. Known sites should have high 
scores that would indicate high potential for sites while the non-sites should have 
lower scores because they do not contain sites. The findings verify the model's 
usefulness in predicting areas with high scores that will have high potential for 
archaeological sites. Clearly the model and Map Calculations applied to the 
variables is helpful in separating and identifying known sites from non-sites. 
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4. Do predictive models for Great Oasis in Iowa create an improvement in 
predictions over chance? 
Yes, all of the models developed for Great Oasis sites in Iowa showed a high 
improvement increase over chance. To determine the improvement over chance, the 
incorrectly classified non-sites were subtracted from the correctly classified know 
sites according to the formula by P. Anderson (1996). Model 1 was 43% higher than 
chance, Model 2 was 59% higher than chance, and finally Model 3 was 53% 
improvement over chance. These scores are fairly high levels of improvement over 
chance and when compared with other models, appear to be excellent tools for 
predicting the cell scores with the highest scores. 
The improvement over chance for these models justifies their possible use as 
an additional tool for archeological surveys. By improving the likelihood of working 
in areas with high site potential, unrecorded sites in these areas will be less likely to 
be overlooked during surveys. The surveys can concentrate additional resources to 
high potential areas and spend less energy on the lower potential areas when 
surveying for prehistoric sites such as the Great Oasis sites modeled in this study. 
Any tool that can help improve the work being done in the field should be 
utilized. However, it is also important to remember that there are always some 
outliers that will never meet the standard set up by the known sites. Furthermore, 
we may never know if we have recorded and are studying a truly representative 
sample of Great Oasis sites. This model will be biased for predicting sites that are 
similar to those used in the models. It will not be good for sites that are different 
such as cemeteries or mounds that are often located on higher terraces, which are 
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scored as low potential for sites by these models. These models were built primarily 
with Great Oasis habitation sites, so they should be most likely to find Great Oasis 
habitation sites. 
5. If models are shown to be an improvement over chance, can better 
improvement be expected when the number of variables used in the model are 
increased? 
It has been shown during previous predictive modeling research that the more 
variables that can be correlated to archaeological sites, the better the model will be 
at predicting locations. The models in this study did not support this hypothesis. 
The highest scoring model for known sites was Model 2 with an improvement of 
59%. Model 3, the model with five variables as opposed to the three variables used 
in Models 1 and 2, has a 53% improvement over chance. 
Model 3 used a larger number of variables and created a broader range of 
cell scores 0 to 75 as opposed to the 0 to 45 of the other two models. The broader 
range of scores could be showing an issue with the Great Oasis site data. It is 
possible that the sites have more variability in the environmental conditions at their 
locations. This could cause a decrease in the predictive power of the model by 
using a larger number of variables with less refinement. This might be resolved by 
creating a site catchment analysis for Great Oasis sites to determine the 
environmental diversity in the areas surrounding the sites, and thus lowering the 
variability among the sites. 
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Another solution to the problem could be to reanalyze the assignment of rank 
and weight to the variables. It is possible that some variables should be weighted 
more heavily while others should be weighted with less importance. This might 
change the results of using more variables and increase the predictive power of the 
model. The model could be reworked with different combinations of ranks and 
weights to determine if reclassification has a large effect on the predictive power. 
Finally, this difference in predictive power may be due to the different method 
used for weighting the variables in Model 2. Using the percent of correctly classified 
expected and observed scores from the logistic regression, might increase the 
power of the modeling. Future studies could compare the use of Chi-Square and 
percent of correctly classified expected and observed scores to determine if this 
improves predictability. 
6. What environmental factors were most powerful in determination of Great 
Oasis archaeological site location in Iowa? 
The literature review and the work of previous archaeological modeling 
guided the choices of the variables for the models used in this study. Chi-Square 
values and the significance scores values ranked the variables for their relationship 
to the known sites (Table 4.3). A total of five variables were selected to create the 
three models. The first model used landscape position, distance to water, and GLO 
historic vegetation. The second model used distance to water, drainage class, and 
parent material. Finally, the third model used all five of the variables identified by the 
research, landscape position, distance to water, drainage class, parent material, and 
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GLO historic vegetation. The highest potential model was Model 2. The variables 
used in that model appear to work within the ranks and weights of Model 2 for the 
prediction of Great Oasis sites, and should be researched further as important 
variables. 
The proximity to water of a site is always an important factor, water is 
necessary to live and the closer the site is without being flooded, the better. Finally, 
it is important to remember the GLO historic vegetation is an influential variable. 
Vegetation dictates so many aspects of sedentary life. Various animals will be 
present in and around timber, while others will be in the more open prairie areas. It 
is also important to have raw material easily accessible. These variables all seem 
important to the location of sites and should be used again in future studies. 
The variables used in this study do not cover every aspect of site location. 
We may never be able to completely interpret every possibility for resources 
necessary to support a community, but we have many ideas about what to consider. 
Other research has focused on raw materials such as chert sources and materials 
for producing ceramics (Goings 2003). Additionally, these communities would have 
required easily accessible timber sources for fuel, and building materials (Schermer 
and Tiffany 1985; Tiffany and Abbott 1982). Wirth (1999) considered the need for 
tillable soils and carrying capacity of white-tailed deer as important considerations 
for site location. The factors are all important to consider and may be applied to 
future Great Oasis predictive modeling. However, these resources were beyond the 
scope of this study. 
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This study focused on one point in the center of known sites to produce the 
information for analysis. To research the additional environmental resources 
necessary within an area of a known site, a site catchment analysis, similar to the 
research by Benton (2001), would be appropriate. This could provide a different 
type of predictive model that would include environmental diversity within a specific 
area around sites that would be necessary for survival. 
7. Are the data from known archaeological sites and randomly selected 
unknown sites sufficient to test the power of a predictive model? 
Yes, according to the Chi-Square analyses of the variables are significant 
(Table 4.3). Selecting variables based on statistical information is helpful in 
situations when literature may be lacking. This method also allows researchers to 
search for additional relationships between sites and variables that may have been 
overlooked in previous research. 
The ability to use GIS datasets to locate areas with high potential for sites is 
easily tested in the field. GIS allows researchers to find and then select samples 
from specified locations for testing. A confidence interval can be developed to test a 
set number of locations to determine the power quickly and easily, and when used in 
conjunction with GPS, the selected points can be quickly and accurately located for 
study. The sampling will verify the predictive power of the model and the 
significance of known site and non-site data. The use of a random sample for 
comparison with the Great Oasis sites in a locality can offer explanations about the 
variables chosen as having predictive power. 
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8. Is this methodology valuable to archaeological research in the future? 
The use of predictive modeling and GIS will only increase in value in the 
future. GIS allows large amounts of data to be analyzed spatially and in way never 
before possible. The amount of data and the quality of the data will continue to 
improve over time adding value and increasing the improvement capabilities these 
models will have over chance. Furthermore, as archaeological data are continually 
researched and refined and additional information is brought into the general 
knowledge base, the understanding of prehistoric peoples and their relationships to 
the environment will improve. The use of GIS in modeling broadens research 
beyond the location of sites by developing variables to research further for 
understanding site cultural context. Cultural context is more important than the 
actual location of sites because it gets at what the prehistoric people were looking 
for when choosing a location to live. This understanding will add to future research 
about Great Oasis culture by describing the importance of environmental conditions. 
Recommendations 
This study has prepared the groundwork for a number of additional avenues 
of study. Following is a list of recommendations for future research based upon this 
study to strengthen the study. 
One of the first additional avenues of research is to strengthen the model by 
using the variables in this study for a site catchment analysis of known Great Oasis 
sites. Understanding the additional environmental information about the areas 
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directly surrounding the sites may add to the strength of the models. For instance, 
the catchment analysis might offer alternative weights for the variables in Model 3, 
that could strengthen the model and increase the improvement over chance. 
Furthermore, a site catchment analysis of Great Oasis sites could suggest additional 
resources that could be used for modeling such as raw materials, timber, and tillable 
soils necessary within a specific carrying distance to the site. 
Second, would be to apply the models to real-world surveying. An area for 
survey should be selected and prepared in ArcView. Then the models that were 
built above could be applied to the study area showing the high and low potential 
areas for Great Oasis sites. The next step would be to randomly select a number of 
high and low potential locations within this area that would statistically represent the 
area to satisfy a 95% confidence interval. In this way the researcher would be 95% 
confident that they have adequately sampled the research area. By examining the 
high and low potential results, the accuracy of the model would be tested based on 
the number of new sites located in high versus low potential areas. The results of 
this survey would add to the validity of the model and act to test the statistical 
statements about the power of the models. This field research could further help 
refine the model and suggest changes that might improve the percent over chance 
of the model. 
Another recommendation for future research is to develop the models further. 
The models could be reanalyzed using different ranks and weights to increase the 
improvements over chance for known sites. This process could include the addition 
of variables with lower Chi-Square analysis that should be modeled to double check 
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their validity for the analysis. Additional Great Oasis sites could be added to this 
process from different states. This would require changing much of the datasets to 
include varying degrees of availability of information from the different states, but 
could add to the Great Oasis data. Also, this research method might look at the 
differences between the geographic regions where Great Oasis sites are located, 
and focus on comparisons of sites that are determined to be in different localities. In 
Iowa the Sioux City, Central Des Moines, and Lower Raccoon localities could be 
compared to look for differences. It is known that some sites in Minnesota are 
located on lake shores which would be very different from sites located in Iowa along 
major rivers (Wilford 1945; Lensink and Tiffany 1999). 
A fourth application of the models would be the Wirth (1999) method of Great 
Oasis site identification. This model could be analyzed spatially for high and low 
potential areas with known sites that are not identified containing a Great Oasis 
component. The collections from sites that are located in the high potential areas 
would be analyzed to determine if possible Great Oasis ceramics have been 
overlooked in the past studies on the sites. This has been shown to be a successful 
means for testing a model and for location of additional sites (Wirth 1999). 
Additionally, the model created by Wirth (1999) could be analyzed using a 
GIS process. The model produced by Wirth (1999) focused on a number of 
variables not used in this study such as spatial distributions of known sites within 
localities, the probable number of sites occupied at any given time, tillable soils 
necessary to support a community that was dependent upon agriculture, the 
distributions of fauna in the settlement locations, and additional environmental 
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conditions. The variables could be ranked and weighted in a GIS analysis and could 
produce high and low potential central Iowa locations similar to the models used 
above. The next step would be to intersect the Wirth model with the models 
presented above in a similar manner to the intersection of the three models in 
Chapter 5. The results of this intersection could focus the high potential areas from 
Chapter 5 down to a smaller amount of area decreasing the amount of space and 
time that would be required to conduct a field survey. 
Following the suggestion of GIS modeling Wirth's (1999) model, it might be 
valuable to compare these models with previous predictive models done in 
archaeological research. It would be possible to recreate the models of others such 
as P. Anderson (1996, 1999), Benton (2001), Carmichael (1990), Kvamme (1992), 
and Warren (1990b) to check the application of this model to more generalized site 
locational models (Schermer and Tiffany 1985; Tiffany and Abbott 1983). Are the 
characteristics of this model similar to other groups at different periods of time, and 
how would these variables all be expected to change, are important questions 
Finally, is important to address the question of the exclusitivity of these 
models to solely predict Great Oasis sites. It is unlikely that surveys to verify the 
models presented in this study will exclusively locate Great Oasis sites. However, it 
is important to realize that it will be most biased toward locations of Great Oasis 
sites. One of the first assumptions of predictive modeling is that the model will 
predict high and low potential locations for archaeological sites that were used to 
create the model. Thus the variables used in this study were from Great Oasis sites, 
so Great Oasis sites should be the most likely site to be found by survey. 
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On the other hand, the variables used for this modeling are not necessarily 
unique to the Great Oasis culture. Environmental conditions are extremely important 
for all prehistoric peoples who were reliant upon the environment for daily survival. 
The uniqueness of the Great Oasis site models is the regional and temporal 
locations of the sites. 
Lensink and Tiffany (1999), stressed the importance of Great Oasis as a 
transitionary group actively cultivating crops in Iowa. If this is truly the case, they 
would be different from their Woodland predecessors and different from the Mill 
Creek who followed the Great Oasis. The only way to verify the models would be to 
model Woodland, Mill Creek, Oneota, and other groups very carefully and analyze 
the results against each other. This could show slight differences in the amount any 
given variable was influential on the location of a site. Further research comparing 
additional variables on sites specific to one group or another could clarify the 
models. This would require the sorting of sites by those with single component and 
those with multiple components. Then the variables for multi-component sites could 
be modeled to determine why that particular location was so good that it was 
occupied over long periods of time versus the single component site limited to a 
single culture. Although these sites overlap with many other cultural groups, there 
are a number of sites that only contain Great Oasis components. The single 
component occupation could be extremely important. It could also represent a 
culturally determined selection and be impossible to determine with environmental 
factors. 
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It is important to remember that the predictive model is more than just location 
of archaeological sites, it is modeling the conditions important to the people 
choosing a location, which also lends itself to location of sites by archaeologists 
today as a secondary effect of site modeling. 
The recommendations suggested above were outside the scope of the 
research presented in this study. As with every study there were constraints on time 
and other resources that limited the study to the creation of the models. The 
modeling process also generated a number of additional questions that might be 
answered by the recommendations. Should the opportunity arise, these additional 
recommendations should be analyzed as possible research questions for future 
work on Great Oasis sites. 
Final Thoughts 
Archaeologists are concerned with understanding how the Great Oasis 
culture fits into the grand scheme of the Plains at the end of the Woodland period. 
This was a time of growing contact between groups throughout the region 
exchanging ideas and interacting like never before. The exchange of ideas and 
introduction of new technologies were causing dramatic changes in the Plains. 
Knowing the locations of prehistoric archaeological sites can help answer 
many questions about prehistoric behavior. Questions about environmental 
characteristics that may have been preferable because they were located within a 
specific distance of water or on a soil that they knew was well drained and would not 
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be likely to flood and would provide excellent land for cultivating crops. Modeling the 
sites provides more than just an opportunity to locate unrecorded sites, it provides 
insight into the variables that were important to these prehistoric peoples. The 
variables reflect what was necessary for the day to day survival of the people in a 
diverse and sometimes unpredictable environmental region. 
The use of GIS for predictive modeling offers another tool for archaeologists 
to look at these relationships and bring together the data. It is extremely useful for 
research before archaeologists go out into the field to survey for sites. The models 
developed by this study offer significant improvements over chance for the location 
of Great Oasis sites in Iowa. Not only is this information extremely important for 
archaeological research, it should be applied to Cultural Resource Management. 
Before any construction or survey is done for a construction project, a predictive 
model of potential archaeological sites should be analyzed for the project area. The 
survey would then be customized to focus efforts on areas of high site potential and 
help reduce the probability of sites being missed by inadequate surveys. Modeling 
could also offer the chance at a pre-emptive theoretical survey of potential sites that 
might allow project planners to avoid the areas of highest likelihood for 
archaeological sites being impacted, as suggested by Tiffany and Abbott (1982). 
Additionally, predictive modeling makes the relationships between 
archaeological sites and the environment more obvious to researchers and helps to 
determine which factors are the most important or at least predictive for site location. 
It projects the data in a different format that might highlight relationships that were 
not obvious or were overlooked in other research. GIS can do the work of a large 
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number of surveys without the hours of fieldwork saving large amounts of time and 
money by locating the highest probability areas and focusing the efforts on them 
rather than on other areas. 
Predictive modeling is by no means the answer to every survey problem. 
Surveys should still be conducted for low potential areas, because there are a 
number of outliers that do not necessarily fit the model. The model just provides the 
most likely areas for sites to be located so researchers can proceed with extra 
caution in the high potential areas. 
To understand the prehistoric groups of people on the Plains, we must first 
understand the environment they were utilizing. Environmental factors would have 
been an extremely important factor for choosing the location of a site and the 
longevity of occupation of a site. These people were in touch with their environment 
in a way we cannot truly understand today. Every aspect of the world around them 
was important to understand and consider in order to survive. This area of the 
country can be extremely rich with resources, however without the appropriate 
understanding of how the environment works and your place in-that system, you will 
not be able to survive. Geographic Information Systems are opening doors to 
archaeologists that were not available even ten years ago. With a basic 
understanding of the principals of GIS and its application to archaeological studies, 
archaeologists will be able to keep up with the ever-expanding field of spatial 
analysis and its application to archaeology. 
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APPENDIX A: 
ONLINE DATA SOURCES 
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APPENDIX A: ONLINE DATA SOURCES 
Following are the online sources for datasets used in the study. 
Iowa Department of Natural Resources Geographic Information System Library 
(NRGIS) 
http://www. igsb. uiowa.edu/nrgis/gishome.htm 
Natural Resources Conservation Service Iowa Cooperative Soil Survey 
(NRCS/ICSS) 
http://icss.agron.iastate.edu/
General Land Office Research (GLO) 
http://www.glo.gis.iastate.edu/








GREAT OASIS SITES IN IOWA 
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Table B.1. Great Oasis sites in Iowa used for modeling 


























Joy Creek Minor 
Upper Broken Kettle 
Ivyl Knapp 
West Broken Kettle 
Upper Postlewait 






























































































Table B.1. (continued) 







































Freymann # 2 
Jensen South 
Fraseur 





Williams School House 
Possum 
West Des Moines Burial 
Gypsum Quarry 


























Central Des Moines 
Central Des Moines 
Central Des Moines 
Lensink and Tiffany 1999 
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APPENDIX C: 
TABLE OF CUTPOI NT SCORES 
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Table C.1. Cutpoints and percent improvement over chance 
Model 1 Model 2 Model 3 
Pct. Pct. 
Cut Point Improvement Cut Point Improvement 
0 0% O 0% 
1 25% 1 25% 
2 25% 2 25% 
3 25% 3 25% 
4 25% 4 25% 
5 25% 5 25% 
6 25% 6 25% 
7 25% 7 27% 
8 25% 8 27% 
9 25% 9 28% 
10 25% 10 28% 
11 27% 11 28% 
12 28% 12 28% 
13 28% 13 32% 
14 30% 14 32% 
15 30% 15 34% 
16 30% 16 34% 
17 31 % 17 38% 
18 30% 18 38% 
19 30% 19 43% 
20 31 % 20 43% 
21 31% 21 50% 
22 32% 22 52% 
23 33% 23 55% 
24 29% 24 55% 
25 28% 25 58% 





























































































Table C.1. (continued) 
Model 1 Model 2 Model 3 
Pct. Cut Pct. Cut 
Cut Point Improvement Point Improvement Point 
41 22% 41 15% 41 
42 15% 42 13% 42 
43 16% 43 13% 43 
44 10% 44 2% 44 
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